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FOREWCRD
(By Edward McCrady)*

For the past three years the Oak Ridge Office of the Atomlc Energy
Commission has been conductlng a geologlcal survey of the Oak Ridge area
w1tﬁ‘;everal purposes in mlnd. It was de51red to know: (1) the oeneral ﬁ
stratlgraphy as a basis for architectural and engineering con31deratlonsw
ralative to foundations for buildings; (2) the ground water conditions
both as they affect the choice of sites for burial grounds for solid
radloactlve wastes, and as ﬁhey are related to the radioactive. 11qu1d
waste disposal system. .

The work has been done under the general dlrectlon-of Dr. Paris B.
ctockdale of the University of Tennessee, acting as Geological Consuitant
to~ the ‘Biology Division of the Office of Research and Medlclne, Atomic-
Energy Comm1831on, Oak Ridge, assisted by Dr. Harry J. Klepser of the
Univer51ty of Tennessea and Mr. George D. DeBuchananne of the Ground
Waters Branch of the Ue 3. Geological Survey. The investigationsd
origlnally planned are now completed and the report herewith presented
includes important 1nformation relative to all the or1g1na1 1ntarests of
the Commission. |

Actual operations have already been affecte& to the extenﬁ that the
locations of two new reactpr'siﬁés and certain other structures have been
selected on the basis of information supplied by Dr. Stockdale, and'the

new burial ground has been located in the Conasauga shale belt where

geological conditions are conSWdered optimal for preventing the mlgratlon
of radioactive wastes underground.

. The study of the underground water in relation to the liquid waste

*Present address, Office of the Vice Chancellor, University of the South, Sewanee, Tennessee.
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dlsposal system at the X-10 slte of the Oak Ridge National Laboratory is the
most recent part of the program to arrive at)deflnlte and useful conclusions.
In this connection the most 1mportant questlon to be settled was whether
artesian or water—table cond1t10ns prevail underground. It was known that
b’the bed rock of this valley is predomlnantly llmestone of*the Chlckamauga
group, and 1n the absence of deflnlte 1nformation to the contrary 1t
would be quite possible for thls llmestone to be traversed by solutlon.
channels, which could be 1ndependent of the surface dralnage, and mlght
run for miles underground, even concelvably passing beneath the Cllnch .
Rlver to emerge in spr1ngs whuch mlght be used by people for drlnking
purposes. |

Accordlngly it was very 1mportant to flnd out, 1f pOaSlble, whether |
such voids ex1st, and whether and to what extent any water found in them -
is conbaminated with fission products from the liquid waste dlsposal -
system. To investigate this, fifty one wells were drilled totalling 4500
feet. Cores were removed and saved for geological and chemical study,
and the water in the wells was monibored for radiocactivity as well as
chemically analysed. It uas also realized that no matter how many wells
were drilled, if artesian.conditions existed in which the underground
channels or aquifers were independent of one another and of the surface,
we could never know positively that we had sampled them all. -

Fortunately, what was actually found was that the rock is sufficiently
fractured and jointed to provide water-table conditions in which the level

of the water‘underground follows quite closely the contours of the surface

topography, with the result that underground drainage parallels the

surface drainage with reasonable accuracy. The lay of the land is such




that all drainaze at and below thé surface converges to empty th sugh thek:
intehded liquid waste disposal system of Whiteoak Creek and Whiteoak Lake.
That portion of the waber which goes underground is merely held up longerv
and allowed to decay further before final dlscharoe. The only contamlnatlon
of underground water actually found is conflned to a Very restrlcted area
near the known sources, and is of a lower degree than that of the surface
strgam. Apparently the soil has aéted as a filter, or adsorber,‘or
ion-exchangé bed, which has to a.considerable degree decontaminated théA
water which passed through it. A4s even the surface water is sufficiently
held up and diluted to be safe for human consumption by the time it

eaches the Clinch Rlver, it may be confidently stated that the system
as a whole is remarkably successful, and more eff1c1ent than was heretofore

,known.
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. Chapter I. INTRODUCTION

HISTORICAL BACKGROUND TO THE STUDY
The writer's attention was first called to the problem involved in

this study by a letter, under date of March 22, 19h8,\from Dr. Albert H.
Holland, Jr., Medical Advisor to the U. S. Atomic Energy Commission at

Cak Ridge, inviting him to make a»"detailed geolegical survey" in
connection with "a study of radiocactive liquid waste disposal at Oek Ridge"
under the sponsorship of the Office of Medical Advisor (now reorganized

as the Cffice of Research and Medicine). It wes explained that several
persons and agencies representlno the Atomic Energy Commissmn, the

U. Se. Public Health Serv1ce, the Tennessee Valley Authorlty, the Oak Rldge
Natlonal Laboratory, and others, would cooperate in the study. Although
since that time intermittent services 1n connection with a wide varlety :
.of matters have been rendered by Stockdale to the Atomic Energy Commiss1on,
the princ1pal efforts have been directed toward study of geologic condltlons
bearing upon confamination from disposal of radieactive waste at the XelO
unit of the Oak Ridge Natioﬁal Leboratory, eseeciaily as related tovthe
potentiallcontamination of migratieg ﬁederground waters; (For location,
see Plate l;) It soon beeame apparent that the geologie studies mest
needed were those of combined eed-rock'geolegy (stratigraphy and structure)
. and hydrology. ’ | | » | | |

Field studies were started by Stoekdaievon June 23, 1948, with a

general geologic reeonnaissance of "£he Oak:Ridge Area." DBut little

work was doﬁe in the summer of l9h8. ﬁoﬁefer, during the:autumn of

1948 and early/winter of 1949, Stockdale, working alone, completed the
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general geologic survey and established pertinent facts in detail about
the stratigraphy and structure at the X-10 site of the Oak Ridge National
Laboratory and surrounding area. | |

A field conference on the general problem was held at Oak Ridge on
March 24, 1949. Those present were: '

A. E. Corman, Sanitary Engineer, Atomic Energy Commission, Washington

J. A. Lisberman, Assistant Sanitary Engineer, Atomic Energy
Commission, Washington

Edward McCrady, Senior Blologlst, Offlce of Research and Med1c1ne
Atomic Energy Commission, Oak Ridge

- Paris B. Stockdale, Head of the Department of Geology and Geography,.
University of Tennessee, Knoxville

The many aspects of the contamination problem ﬁere reviewed in the
field, and the geologic factors and proposed method of study were p01nted
out by Stockdale. At that time Stockdale also expressed need for a351st-
ance in the work and invited opinions regarding his proposed second and
third "phases" in the program, to folloo the initial reoonnaissance survey;
namely, detailed geologic mapping of the Oak Ridge Nétioﬁal Laboroton&
area.(second stage in the study), and systemmatio coro dfiiling for the
combined benefits of the bedrock and hydrologic studies (third stoge iﬁ
the study). At that time, it was decided to hold a later field conference
which might bring A. M. ?iﬁer, Staff Scientist, U. S. Goological Survey .
and A. N. Sayre, Chief of the Ground Water Branch of the Water Resources
Division, U. S. Geological Survey, for the pooling of opinions and
possibly arranging for ‘field assistance in the hyorologic aspects of
the study. Such a conference was held at Oak Ridge on June 23, 1949,

following. In the meantime, the overall aspects of the problem were



discussed by Stockdale with R. A. Laurence, Director of. the regional -
office of the Geologic Division of the U. S. Geological Survey in
Knoxville, and on May 26, 19L9, a day was spent in the field with
Laurence with especial consideration of a new site recommended by . . -
Stockdale for storage or burial of solid radioactive waste and
contaminated items. |

In June 1949, Harry J. Klepser, Associate Professor of Geology
at the Univefsity of Tennessee, was employed as a consultant by the
Atomic Energy Commission at Oak Ridge to assist in the study, especially .
in the detailed geologic mapping involved in the second phase of the . -
program. The field mapping was then pursued by him during a portion of ..
the ensuing summer. He also assisted in various ways in later phases
of'the sfudy, and is responsible for the preparation of the .geologic
maps and structure section in this report.

At the conference mentioned above, on June 23, 1949, the following ;.
persons were present: |

A. E. Gorman, Sanitary Engineer, Atomic Energy Commission, #ashington

J. A. Lieberman, Assistant Sanitary Engineer, Atomic Energy
Commission, Wash:.ngton -

Harry Stoeckle, Chief of the B:Lology and Med:l.cine D:Lvismn, A‘bom:.c
Energy Commission, Oak Ridge _

R. A. Laurence, Regional Geologist, U. S. Geological Survey, Knoxville
A. M. Piper, Staff Scientist, U. S. Geological Survey, Washington

A. N, Sayre, Chief of the Ground Water Branch, U. S. Geological
Survey, Washington

Paris B. Stockdale, Head of the Department of Geology-Geography,
University of Tennessee s Knoxville




In the group conference which followed a field excursion, concurrence

was given to the three-phase program of study as proposed by Stockdale,:
and agreement was reached for collaboration of personnel from the Ground. -
Water Branch of the U. S. Geological Survey to work, especially, on the .
hydrologic asbects of the geological survey as involving water-table '
conditions and movements of ground water. Sayre stated that, logically,
it would be most appropriate to assign to the project George D. DeBuchananne
who was in charge of the Knoxville office of the Ground;Watef Branch of
the Survey. However, it was pointed out that inasmuch as DeBuchananne
did not have appropriate security clearance, a substitute person could
be temporarily assigned for work unﬁil such time as DeBuchananne
could be "cleared,® and that the substitute should devote his efforts
toward making a surface appraisal of ground-water feaﬁnres, to be.
completed no later than Septeﬁber 30, 1949. A typed memorandum of this
conference was prepared by Piper under date of June 25, 1949, The
person assigned temporarily from the Ground Water éranch of the U, S.
Geological Survey to make the proposed inventory of ground-water features
and available hydrologic data was E. S. Simpsoﬁ from Albany, N. Y., who
arrived at Oak Ridge on July 25, 1949. He spenﬁ his first day in the
fiéld with Stockdale getting acquaintéd,with the problem in general.
His work was completed byAthe expressed date and-results of . his studies
were transmitted direct to the Ground Water Branch of the U. S.
Geological Survey.

In anticipation of the next, or third, major phase of the study,

a planning conference was held in Oak Ridge on September 21, 1949,



Present were:

Edward McCrady, Chief, Biology Division, Office of Research and
Medicine, Atomic Energy Comm:.ssion, Ozk Ridge

R. A. Laurence, Reg10na1 Geologa.st, Us Se Geological Survey, Knoxville
Ee So Simpson, Ground Water Braneh, Ue S. Geological Survey, Albany, N.Y.

Harry J. Klepser, Associate Professor, Deoartment of Geology— Geography,
University of Tennessee, Knoxville v

Paris B. Stockdale, Head of the Department of Geology-Geography,
University of Tennessee, Knoxville

At this cemE_erence firal plans for the next 'stage in the study were
reviewed and agreed upon, and the general scope for f.he propos:ed core-
drilling project was drawn. ) |

George D. Demchananne of the Knoxville office of the Ground v{ater
Branch, U. S. Geological Survey, began his work on the program on ’
November k, 1949. Core drilling started on December 16, 1949, and was
c'omplet.ed on March 22, 1950. Fifty-one holes, totalling L4500 feet, we;fe
drilled. From the time drilling commenced to date, DeBuchananne, Klepser,
and atockdale, along with personnel from the Health Phys1cs Division ef
the Oak Ridge Na ‘onal Laboratory, have been intemittently engaged in
the study, 1nvolving planmng and supervision of drilling, logging of
core, samphng, obtaining hydrolog:.c data, analyz:.ng eamples, etco The _
ground-water study has been the chief respons_ibility of DeBucha.na.n:ge ;s the
detailedvfieldAmapping, of Klepsef; ravnd the general stratigrephy and
structure, the overall direction of the study,and the prepar_at_.ion of’
this report, of Stockdale. The entire program has been under the
sponsorship and guidance of the Biology Division, Office of Reeearch
and Medicine, of the U. S, Atomic Energy Commission, at Oak Ridge,

Edward McCrady, Chief,
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FUNDAMENTAL, PROBLEM AND OBJECTIVES OF THE STUDY

General Statement

The chief concerns of this study were the-géolbgié and ground-water
features as critical factors in the over=-all problem of safety discharging |
radioacti#e waste producté fram the operations at the X-10 unit of the
Cak Ridge National Laboratdny of the U. S. Atomic Energy Commission,

Osk Ridge, Tennessee. It is not the intent of this report to analyze the
waste problem completely and finally, but rather to undertake a coverage
in défail of those features of geology and ground water, as a basis for a
fuller evaluation'énd'understanding of the disposal problem and for better
guidance of future investigations and operations. The study leads to some
immediate recommendation and pavés the-way for further investigations
pertlnent to complete understandlng of the problem. There has been né :
prior geologic study bearing d1rect1y upon the problem of waste dlsposal
at Oak Rldge. |

Waste Dlsposal System at the Oak Ridge National Laboratory (X-10)

. Safe dlsposal of 11qu1d radioactive wastes, as well as solid wastes
and contaminabed materials and equipment, at the X-10 unit of the Oak
Ridge National Labératory, has been a probiem of paraﬁount importance
since the beginning of operations. Disposal of solid wastes and
contaminate&’éﬁuipmentvisvby burial in the ground. Alpha-éontaminated
materials are first covered with'concrete‘befofe burial. It is liquid
waste disposal at the Laboratory which presents-thé greatest problem.

To understand its bearing apon the;geologic factors involved, a brief
description of‘the domplicated disﬁoéal system is herevoffered. The

information has been extracted mainly from a technical report by
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F. N. Browder, entitled "Liquid Waste Disposal at Oak Ridge National
Laboratory," ORNL 328, issued May 17, 1949, and in part from later.
reports by Browder.

: Liquid wastes from Oak Ridge National Laboratory processes are
classified into four pypes according to composition ané ‘rédioactivity, -
namely: (a) radiochemical waste, which is highly radioactive and which
comes from special "hot" sinks and vessels in cells devoted to "hot™
work; (b) metal waste, which is highly radioactive plutonium, uranium,
or thorium-bearing waste; (c) warm radiochemical waste, which is

moderately radioactive; and (d) process waste, theoretically non-

‘radioactive, which is derived from cooling water, laboratory sinks, and

floor drains.
The liquid waste disposal system, as described by Browder, is

divided into three main sections, namely: (a) the north tank farm,

céhtaining two LLOO-gallon, and two 40,000-gallon gunite tanks;

(b) the south tank farm,‘containing six 170,000-gallon gunite tanks,

one 1300-géllon gunite tank, and one 700-gallon stainless steel tank;

and (c) the settling basin area, containing four earthen-diked ponds,

the main one of which is approximately 200 feet square with a capacity
of 1,600,000 gallons, two with capacity of 293,200 gallons each, and
one, known as the retention pond, of 32,600 gallons. (For locations,
see Plate 2,) All of the tanks in the two tank farms are below ground
level and are earth cqvefed. All rest upon a concrete saucer-shaped
pad to catch any leakage which in turn drains into a "dry well," and
fhence; through a pipe‘line, into the retention pond of the basin area.

In addition_to the main system, described above, there are smaller waste




tanks and pits.located near the various process and development buildings.
Specific details are given by Browder. -
The function of the two tank farms is to collect ;nd>sto;e metal .

waste and to collect and hold radiochemical waste over a period of time
long enough for sufficient decay. From the tank farms thé decayed
radiochemical waste is discharged into the main settling pond wherg it ié
diluted with sufficient quantities of non-radioactive waste to permit
discharge into adjacent whiteoak Creek at a raﬁe not exceeding five cﬁries
of radioactivity per week, with an average of about 2.3l curies per week
as of June, 1950. Intermittently, however, excess waste is dumped into
the smallér,.293,000-gallon ponds before being run into the main settling
pond. The several lesser tanks near the process and development
buildings serve as intermediate hold-up before the fluids are sent té the
main tankvfarms. The diluted wastes which‘are discharged from the
settling ponds into Whiteoak Creek are carried downstream for a distange
of approximatély one mile to Whiteoak Lake for the final hold=-up of the
disposal system before discharge into the Clinch Rivér. In early June of

1949, the disposal system was modified by the instaliation of an
evaporation system to permit the radiochémical wastes to be concenfrated
for longer retention in the tank farms.

Potential Hazards Involved in the Disposal System .

The settling ponds, described above, were cqnstrucﬁed simply by
sc§oping up the soil down to bedrock and using the soil to make the
enclosing earthen dikes. - The principal pond, often referred to as "the
settling basin, " is nearly square in outline, with bottom dimensions of

190 by 200 feet. The others are much smaller. There was no provision



made to seal the bottom and walls of the ponds to prevent seepage and
contamination underground. Likewise, at the burial grounds, the solid
waste"é"’&hd*contamihated items are placed directly upon bedrock without
protéction against contaminated drainage underground. Thus, there exists
the poési’bility of radibactive c'o’ntaminatién of underground waters and the
upcont’.i‘oll’ed migration of such to unknown distant sites, providing there
exist permissible ‘geologic condi tions beneath the potential sources of
contamination. Greatest risk is beneath the settling ponds, especially the
large one; less risk, beneath the bed of Whiteoak Creek adjacent to the
ponds; and further risk, at the burial grounds.  Additional risk would
result, of course, from spills of liquid wastes through breaks in tanks

and pipe lines.

@ Principal Objectives of the Study

'I‘he prlncipal ob:jectlves of the study were: to obtain as much

information as possible on geologi.c and ground—water conditions which

¢ . bear or may bear upon potential hazards ’from waste-disposal practices
at the X-10 unit of the Oak Ridge National Laboratory; to determine
whether or .not there now exists any radioactive contann’.nation which has

® mgrat.ed underground, to determine the form of the water table and the
mov..ment. of ground waters as potentlal camers of radioactive cont.a.mmat.lon,
to propose recommendatlons in light of f:.ndings, and, flnally, to bring

® t.ogether into a single report all pertinent 1nfqrmation bearing upon the
problem. A further objective was to determine the geologic conditions > 28
regards both stratigraphy and structure, as a basis for arch:.tectural and

@ ~ engineering considerations relative to foundations for buildings and to

other structures.
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CHAPTER II. IOCATION AND PHYSIOGRAPHY e

IOCATION OF THE AREA

The site of the X-lOvunit of the Cak Ridge National Laboratory is in
Bethel Valley, Roane County,.eastern Tennessee. In tefms of latitude and
longitude the‘apprpximate center of the site is located ;t 35° g5t 30n
north latitude and 84° 19! west longitude. It is eight and one half
airline miles south-southwest of Jackson Square in the heart of the Cit&
of Oak Ridge, and 21} miles west-southwest of the central business sectioﬁ :
of the city of Knoxville. The site is covered by the Tennessee Valley )
Authority-U.S. Geological Survey topographic map of the Bethel Valley
Quadrangle, designated as No. 130-NE, published in 194l. (See Plate l.)
The scale of this map is 1/2L,000 and the contour interval, 20 feet. A
séries of topographic sheets drawn to the scale of 1 inch to iOO feet
with a contour interval of 5 feet was issued by'Stone & Webster Engineer;
ing Corporation under date of June L, 19L3. Ihé sectional sheets of
this series which involve the laboratory site énd immediatel& ad joining
areas are Nos. B2-22, B2-23, B2-2L, BR2-25, B2-27, B2-28, B2-29, B2-30.
(See Plates 3,&,5,6,7,8,9, and 10.) These largefscaie sectionai sheets
are subdivisions of‘"Topographic Map-Se&tion B-25, scale 1 inch to LOO
feet, contour interval 10 feet, issued‘undéf éaie of Octﬁber 31, 1942,
(See Plate 2.) | | |

TOPOGRAPHY AND DRAINAGE
~ Bethel Valley, in which the X-10 unit of the Laboratory is located,
is not a simple stream valley in the ordinary sense. Instead, it is a -

portion of an elongated, northeast-southwest trending trough drained by

:several small streams tributary to the Clinch River. It has been

cs ® L.. - a




developed upon a belt of non-resistant limestones and shaley limestones

of the Chickamauga formation, striking north 56° east. The trough is
bounded on the southeast by Haw Ridge, a narrow, dissected hogback held

up by resistant sandstone of the Rome formation, and on the opposite

3ide by Chestmut Ridge which is developed on the cherty dolomite of the
Knox formation. The trough and its bounding parallel ridges extends
northegstward from Bethel Valley into Raccoon Valley. The length of the
Bethel Valley portion of the trough is seven and one half miles. The floor
of ihe trough has an average width of about 1000 feet.

The part of Bethel Valley which holds the site of the Laboratory
is drained by Whiteoak Creek.and its tributaries. Just south of the
Laboratory this stream flows out of Bethel Valley thru a narrow water
gap which has been cut. across Haw Ridge. From this gap the stream flows
south-southwestward along another ﬁrough, developed in the soft shales
" of the Conaseuga formation, to the Clinch Eiver two miles awey at an
elevation of Thl feets Approximately one half mile upstream from the
mouth of Whiteoak Creek at the Clinch River, at the highway'whioh leads
to the White Wirg Gate, there is an earth dam with steei'cofferdam and
gate”(elevation }50 feet at top) which holds back a shallbw‘weterA
reservoir known as Whiteoak Lake. This serves as a final settling basin
for llqnid waste products which are discharged frim operatlons at the '
Laboratory. (See Plate l.) '

The lowest elevation of Bethe Val ley floor within the Laboratory
area is where Whiteocak breek passes thru Haw Gap at 770 feet. From here
- the floor rises to.the west, north, and northeast. Whiteoak Creek is at
an elevation of 800 feet one mile upstream (northeast) of the gap. On

the northwest side of the valley floor there is a belt of elongated

£
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kngllé which rise to elevations up to 900 feet. Some of the Laboratory -
plant operations are located on these knolls; others on theirvslopes~'”

and on the valley floor to the southeast. Highest'points”bn Haw Ridge
southéaét of ‘the Laboratory site reach above 1,040 feet in elevation, -

whereas points on Chestmut Ridge to the northwést'range in elevation™

from 1,100 to over 1,200 feet. (See Plate 1.)

PHYSIOGRAPHIC SETTING

Jith respect to physiographic location, Bethel Valley lies in the
midst of the Tennessee Section of the Valley and Ridge Province, a
subdivision of the Appalachian Highlands Division. The Vailey and Ridge
Province, sometimes referred to as the "newer Appalachians" is characterized
by alternating elongated and parallel valley-troughs and ridges, trending
northeést—southwest in general accordance with the strike of‘the underlying
fock strate which are of Paleozoic age. The valleys have been developed
in the belts of non-resistant rock, whereas the ridges occupy sites of
resistant strata. These belts, in turn, reflect the underlying structure
of parallel folds and thrust faults.

The Valley and Ridge Provinﬁe is bounded on the northwest by the
Apralachian Plateaus Province (Cumberland Plateaﬁ in Tennessee) and on
the southeast by the Blue Ridge Province which contains the highest
‘mountéins of the Appalachian system. The southeast edge of the Cumberland
Plateau is but nine miles to the northwest of Bethel Valley, whereas the
Blue Ridge Province is séme 35 miles distant at its closest point to the
southeast. The Great Smoky Mountains lie within the Blue Ridge Province.

Across the Oak Ridge "area® the succession of alternating ridges and

valleys, in order from southeast to northwest, is as follows: Copper Ridge,




Melton Valley, Haw Ridge, Bethel Valley, Chestmut Ridge, Bear Creek .
Valley, Pine Ridge, Gamble Valley, East Fork Ridge, East Fork Valley,
and _Black Oak Ridge. Each of the ridges attains ef_l.evafpions of over
1200 feet at their highest points, whereas the valley bottoms range
in elevation from 7hl feet at the Clinch River to over 900 feet. (See
Plate 1.) The Oak Ridge townsite lies upon East Fork vﬂ;ey_ and the
adjacent Black Oak Ridge to the northwest, from which the town name was

taken.



15

CHAPTER III. AREAL GEOLOGY

GENERAL STATEMENT

The ge010gy of the region which embraces the Oak Ridge area has been
mapped and described in a general way in two folios of the Geologic Atlas
of the United States Geological Survey, namely, the Loudon Folio, No. 25,
by Arthur Keith, published in 1896, and the Bricenlle Folio, No. 33,
also by Arthr Keith, 1897. These well-known folios coverlng 30-m1m1te
quadrangles includes reconnaissance topographic sheets and geologic maps
| on the small scale of 1/125,000 (one inch to about two miles) with contour
interval of 100 feet. The studies were highly generalized and were
necessarily devoid of accurate deta:.ls. Most of the 'oown of Oa.k Rldge
lies in the southern part of the Briceville Quadrangle, whereas the h
several plant operations of the U. S, Atomic Energy Commission, includ:l.ng
the Oak Ridge Natiana.l Laboratory, are within the nort.hwestern port.ion of
the Loudon Quadrangle. - '

STRATIGRAPHY

All nf the bedrbck formations of the Oak Ridge area are of sedimentary
origin, deposite& during the Paleozoic Era of geologic time. More -
qucifically, they range in age from middle Cambrian to early Mississippian.
The grouping and classification of the stratigraphic units is shown in
Plate 11. The strata which underlie the site of the X-10 unit of the .
Oak Ridge National Laboratory in Bethel Valley belong to the Chickamanga:
- group; those which upholci Haw Ridge to the southeast, to the Rome

formation; those which underlie Melton Valley adjacent to Haw Ridge on

the southeast, to the Conasauga group; and those which form Chestmut




Ridge at the northwest side-of Bethel Valley, to the Knox group. The
‘strata which are most pertinent to this study are those which lie
underneath the immediate sources of radioactive contamination at the
Oak Ridge National Laboratory'operations and beneath Whiteoak Creek into
which radioactive wastes are. dralned, namely, the Chickamauga 1imestones
which are of greatest importance, the Rome sandstone and shale, and the
Conasauga shale. The areal distribution and the structural arrangement
of these geologic formations are shown on Plates 2 and 12. Sinoe, as
previously stated, the problem of fundaﬁental concern in'this study is
the possible miéraﬁion in various directions underground of radioactivo
filuid wastes or of other contaminated waters, it is important to under-
stand the physical properties, especlally the permeability; of the
geologic formations 1n.three-dimensional distrmbutlon. Therefore, this
calls for accurate understanding of both the surface distribution of the
geologic formations and the attitude and arrangement of the strata
(geologic structure) with depth.

Throughout the Oak Ridge area the several geological formations,
which are in sedimentary layers, crop out alOng parallel belts trending
northeast-sou#hwest. _As previously indicated, these belts conform with
the valley and ridge topography. The direction of strike is nearly
constant throughout the area -- average, north 56° east. 4 slight
departure from this average is noted from place to place. Nearly
everywhere in the area the formatiomsdip toward the southeast. The
~ most common angle of dip is between 30 and 4O degrees with occasional
variation in considerable amount at some localities. In the following -

' paragraphs description of the several formations will be treated in the
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order of ascending succession of the rocks -=- older to younger.: Only-
those imuediately involved in the problem of this paper have been studied

in much detail.

Rome Formation

The Rome formation, of middle Cambrian age, consists mainiy of
evenly-bedded, fine-grained sandstone and shale. 4 striking
characteristic is the varlegated bandlng of brilliant shades of maroon,
red, greenish-blue, olive-green, yellow, brown, gray, and drab. In )
some sections in the upper portion of the . formation there occur massive,
dark gray, dolomite lenses which are non-persistent. In the area of this
study, the bulk of the formation is soft, slightly silty; argillaceous
snale, containing scatt ered, thin 811tstone layers less than an inch
ohick. The upper 150 feet or so of the formatlons contains most of
the Rome sandstone (siltstone) which prevalls in comparatlvely thln,.

‘but re31stant layers up .to three or four feet thlck, separated by
shale partlngs. At placdes these sandstone beds havebeen altered
rirtually to‘a quartzite. Prlmary features such as rlpple marks, rill
marks, and others; characterlze the beddlng surfaces of the sandy 1ayers.
In the Oak Ridge area, the sandstone portion of'the Rome does not contain
layers which are nearly as massive as in other eastern Tennessee regions.
Nevertheless they are suff1c1ently re81stant to erosion to have caused
the development of prominent hog-back ridges, such as Haw Ridge and Pine
Ridge. Above the sandstones of the Rome is a zone of drab-colored, sandy
shale and shaly siltstone whlch grades upward into the typical shale of

the overlylng Conasauga formation. The thlckness of the Rome formation

is undetermined. Nowhere in the area of this study is the base of the
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Rome formation exposed; everywhere it is underground at unknown depth.
Enough of the formation is above cover, however, to indicate a thickness
in excess of 1000 feet. Near the X-10 unit of the Oak Ridge National’
Laboratory, a good exposure of the Rome formation occurs in ;he road cuts
where the highway 1eaaing té White Wing Gate croéses Haw Ridge. At this
place the Rome is thrust-faulted against'the Chickamanga strata to the
northwesty, A more complete section of the Rome formation is exposed
along the highway at Bear Creek Gap, thru Pine Ridge, about one and
three fourths miles northwest of the Laboratory.

Conasauga Group -

This rock unit is mainly shale, mostly drab to olive-gray in color,
with considerable reddish-brown to black stain. Although it is somewhat
variegated in places, it does not possess the color brilliance which
typifies the Rome rocks beneath. In the main the shale is argillaceous
to élightly silty with some parts slightly calcareous. The shale tends
to weather to a flaky appearance. Thraout there occur in varying
quantities at different horizons thin siltstone layers, generally less
than one inch thick, which stand out as ribs on weathered slopes and
which disintegrate int§ small angular blocks. The basal portion of the
Conasauga shale has been referred to by Rodgers as the Punmpkin Vailey
formation. Not far above the base of the Conasauga, and on top of the
qubkin Valley unit, is a zone with a super abundance of siltstone ribs,
sufficient in resistance to account for a line of low hills, or knolls,
which rise above the valley floors carved in the softer shales. Such
is exhibited along the northwest side of Bear Creék Valley, and along
thg northweét side of Melton Valley between Haw Ridge and Copper Ridge.

The shale is highly impervious. There occur in the upper 200 feet or

L ”t" g‘f ; PR Sm:}.? G,‘_‘
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more of the Conasauga group beds of gray limestone of various textures
and thicknesses separated by shale zones. Some are dense; some coarsely
crystalline; some oolitic in texture. Many of the limestone beds are
but a few inches ‘thick; others are massive, up to several feet thicke.
This limestone portion of the Conasauga group is known as the Maynardville -
limestone. ' Detailed studies and measurements of sections were not made
by the writer. The total thickness of the Conasauga, in the Oak Ridge area,
is at least 1500 feet. Excellent exposures of both the shale and limestone
units occur at many places in Bear Creek Valley, and along the highway
to the White Wing Gate between.ﬂaw Ridge and Copper Ridge south of the
X-10 unit of Oak Ridge National Laboratory.
Knox Grougl‘

Vﬁeﬁt_above the Conasauga unit lies the Knox group, composed mainly -
of light to dark gray, dolomiﬁ.c limestone with preminent chert zones;
It is of late Cambrian and early Ordovlclan agee. This group, which is
often spoken of as the "Knox dolomite, ™ is one of the most wldexy
distrlbuted stratigraphic units in east Tennessee. Bedrock exposures »Q
are gparse since nearly everywhere the rock is deeply weathered, leaving
a deep cover of whitish to red residual, clayey soil characterized by
abundant nodules and chunks of chert. Because of the preponderance of
chert a’hilly or ridge topography is generally developed. Underground
solution channela, many of cavern proportions, characterize the Knox.
Numerous large sink holes give rurther testimony to the role of solution
and underground drainage in this calcareous group. Since detailed studies

of the Knox in the Oak Ridge area have not been made, the five-fold

subdivision which has been established for the group in areas farther




northeast has not been determined.’ Sach is not important in this study,
however, since the Knox formations are not relevant to the immediate::
problem. - The stratigraphic boundaries of the Knox group are easily B
determined because of the sharp lithologic contrasts with the
Maynardville limestone of the Conasauga group at the base and with the
limestones and shales of the Chickamauga group at the top. One of the
vfbest-exposed sections of the Knox, in the Oak Ridge area, is along the
jnew,Knoxville-Oak Ridge highwgy across Chestmut ridge, two miles south-
southeast of Jackson Square in the town of Oak Ridge. In this section

the Knox group is 2600 feet thick.

Chickamauga Group

The rocks of greatest concern in this study are those of the Chickamauga
group which is comprised mainly of limestone beds. They are the onééi
which lie beneath the X-10 plant site of the Oak Ridge Nationdl Labcrétoi-}'
—- the ones which underlie the settling pond or holding basin, enclosed
by earth-dikés, into which are diécharged fluid wastes from thelx-lo-
aircooled pile, the hot pilot planﬁ, and other operations, and whichngiéo
underlie the original burial grounds for burial of solid wastes and o
contaminated materials and discarded equipment. Furthermore, Whitebék
Creekrflows over these rocks for a distaﬁce of approximately 1706 feét
from the point where it receives the dischafge of radioactive effluent:
from the settling pond to where it crosses the fault against.the Rome
forﬁation in the water gap at Haw Ridge. (See Plates 1 and 2.) Since

‘limestone may be susceptible to undérground"solutidn by migréting ground
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waters, with consequent development of a netwprk of openﬁgh§p§%}§wqu | .
voids, often permitting easy access of surface waters{aqgﬂfyeg mgjgmgnt»y.
of waters underground, the rocks of the Chickamauga group were of |
especial concern because of their pdtential "yulnerability® with respect
to movement and escape of contaminated waters underground. Detailed.
studles and mapping were made, therefore, of the Chlckamauga unlts.

The Chickamauga group is of middle and late Ordovician age. In the
literature the group is most frequently spoken of as Chickamauga
ﬁlimestone," even though shaies, siltstones, and chert beds comprise a

prominent but minor portion of the group. At the X-10 site of the Oak

~ Ridge National Laboratory, the group is surprisingly'thick, namely 1735

feet. The entire section of the Chickamauga is not to be seen at any
continuous exposure; instead it mist be gleaned from the composite of
several sections. At the time of the writer's fi:ét‘field studies, out-
crops were mach more plentiful than today. vSubsequént grading, seeding,
and landscaping have covered man& of the foimérjoutcrbps so that today
soﬁe of the sections which contributed toward knowledge of the .
stratigraphy are concealed. The core-drilling~phase of the study revealed
helpful details in part of the rock column. - §

Strag_graphlc Subdivisions. -- In the Oak Ridge area, and partlcularly

in Bethel Valley at the X-10 site of the Oak Ridge National Iaboratory,
variaticns in types of rock in the Chickamauga grbuﬁ pérmit separation

into eight distinguishable and mappable subdivisions. (See Plate 1l.)

For practical purposes in this study these éfé3reférred to as "mambers®




or units an& are designated by letters "A" to "H" in ascending order in- o~

the column. A sumniary'outline of the composite section of the Chickamauga

. group, in descending order of units, follows:

' : . Thickness -
Unit o Description of Rock (in feet) Py

H | Siltstone, calcareous, gray, olive, -maroon;
with shaly partings and thin limestone lenses . 85 -

Limestone of varied types, gray, olive-gray

buff, drab; mostly thin-bedded; with argill- ®
aceous partings; weathers to shaly appear- :

ance; with fossiliferous 2omes « « o « + « « o 2180

 Limestone, argillaceous (calcareous siltstone),
' gray, olive-gray, "pinkish™ maroon; even-

bedded, with shale part-ings ¢ ¢ o6 o ¢ 0 0 o o @ 35 ®
G Limestone of varied types, dark gray to
brownish gray; mostly nodular with abundant .
' black irregular clay partings; dense to medium- : Py

grained; mostly thin-bedded, partly massive; '
with shale partings; weathers to a lighter

colored shaly or "nodular® appearance; with

some fossiliferous horizons; mostly covered in
lowla.nds............'...."‘.».9300

F - Siltstone, calcareous, alternating with shale;

‘ ' olive-gray to maroon; even-bedded; laminated;
weathers to a red shaly appearance; produces a
slight rise in topography; a very distinctive
unitoooooooooooo»--oopooovo.o'zs .

E Limestoné, mostly gray to drab, partly pinkish
maroon, mottled; brittle, thin-bedded to
massive; with shaly partings « « ¢ ¢« ¢ ¢ ¢ o o o 60

Limestone, similar to "G" above, mostly covered
in lowlands « ¢« ¢« o ¢ 0 0 0 & o © o ° e 9 0 o » 220

Calcareous shale and argillaceous limestone, gray

to buff; in alternating thin even beds; yielding
" small roundish slabs upon weathering, with o
yellow=buff color « ¢« ¢« ¢ o ¢ ¢ o o a o o>o o o hS
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A ' Thickness
‘Unit Description of Rock : (in feet) -
® — ——
Limestone of varied types, gray; mostly argilla-
ceous and nodular; in thin irregular beds
with shale partings; abundant fossils « « o ¢ « o 55
b D. Limestone and chert; limestone is gray to olive-
o gray, in part nodular, shaly, and thin-bedded;
in part massive; with abundant chert in thin,
even, bands, breaking into angular fragments
upon weathering; produces a chain of low hills . 160
[

c Shale, calcareous, olive-gray to light-maroon;
fissile} evenly-laminated e 6 0 ¢ 06 0 ¢ 0 & 0 10

» - Limestone of varied types, gray; fine to coarse-
P : grained, partly crystalline, partly nodular;
mostly massive; with occasional patches of '
chert; partly fossiliferous; "quarry beds” . . . 105

B Siltstone,in even beds up to 2 feet thick, lamin-
® ' ated, alternating with calcareous shale; olive-
' gray, buff, maroon; some limestone, non-resis-
tant; more shale at base ¢ « ¢ s o 0 0 0 & o o o 215

A Limestone of varied types, dark gray to buff;
o : " with shale partings; with gray to black chert
innOdues,arﬁlenseSooobooooooooo 80

Chert, thin-bedded, with shaly partings « « « « o 15

Siltstone, calcareous, olive-gray to maroon; :
® e :  weathers to shaly appearance « « « o o« o ¢« ¢ + o 30

Siltstone and chert, in alternating beds; silt-
stone is calcareous, gray, olive, maroon;
weathers to shaly appearance; with abundant
granular chert in even beds up to 6 inches thick,
® : - breaking into angular blocks upon weathering. e« « 90

Limestone; mostly covered o o o ¢ o ¢ o 0 0 0 o o 25
. v 20
Total Thickness 1735

Special Features. =- Although several still-smaller subdivisions

can be recognized and traced across the area, the eight units as outlined

.s Gv o & “ v ve “v 8 Cuv © eLn L




" above 'suggest sharpest contrasts and greatest practical worth in this
study. Treatment of many academic ~aspects a_.rzd problems associated with
t.he stratlgraphlc detalls > especially as regards relationshlps with the
Chlcka.mauga rocks in other localities, 1sl}§1rn:tted. Because the basal unit

CHAT is charact.erlzed by superabundance of chert it has been confused with
the Khox dolomi te whlch lies directly beneath, and was so mapped by Keith
in the Loudon folio. The next higher unit "B" carries the most prominent
calcareous siltstone beds, maroon to olive-gray, with alternating ‘shale
aﬁd with occasional pure limestone laYers. It lack_s ‘the bedded chert

'which'prevails in the unit beneath. U'nit. ace _carries the purest and
most massive limestone of the group; It is, therefore, tﬁe most valuable
quarry stone, and is utilized as such in the Oak Ridge area. This unit
contains some cnystalline layers which resemble the Holston "marble! “
found in belts farther east. Next above is another cherty unit, "D t
It differs mainly from the basal chert vunit by the lack of the prominent
maroon color, and by heVing "slabby™" limestoﬁe, ins'tead of siltstone,
alternating with the chert. Although most of the chert occurs in thin,
even bahds, it constitutes such a high proportion of the rbck as to
cause a chain of low hills ae'a topOgraphic expressieri aloﬁg the northwest
side of Bethel Valley. The southeast dip-slopes of these hills are strewn

with a heavy cover of angular chert blocks ivhich ‘came from the weathering
of this unit. In unit "E" there are lumped togeihex; nori-d,escript, gray
limestones of varied types, with thin shaly partings. The most highly
fossiliferous beds of the Chickamauga group occur at the base of this

unit. Most of the 1iﬁestone of the unit is characterized by numerous,

closely spaced, irregular, black clay-partings which give the rock a
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"nodular® appearance whéfe weathered. Althbugh.the fresh layers appear
to be massive, they readily separate into thin, "slabby," brittle layers
upon weathering. For straﬁigraphic discrimination-as well as for mapping
-purpdses, unit "F" is the most important of the group. This: maroon
siltstone and shale separates the rock of unit "E" below from the similar
non-descript limestone, unit "F," above. Although it is partly calcarems,
its argillaceous and silty>bredominence serves‘quite likely as a |
stratig:aphic trap to avert free flow and interchange of ground waters
bgtwéen the thick adjpining limestone units. Its greater resistance to
-decompbsition is expressed by a slight rise in topography with.but a

thin cover of soil. The prévailing lithology of unit *G"™ is much liké
that of "E" descrlbed above. This is the unit that lies beneath both |
the settllng pond and the Bethel Valley bur1a1 grounds at the Oak Rldge
Natlonal Laboratbry. The next unit, "H," contalns a wide varlety of
llth010g1c types that are not differentiated in thls study The
occurrence of plnklsh-maroon, calcareous siltstone beds at the base
marks the line of separation from the underlylng unlt. Higher up is a
mixture of limestones which are partly similar to those of unit “G"

Still higher there occur SOmewhat variegated, laminated siltstones,
limestones, and shale, of prevailingly dull-marooh color. This 1#minated
zone weathers to considerable depth leaving a reddiéh shale-like appearance.
Tt is conceivable that this zone may belong to the Rockwood (Séquatchie)x

formation instead of the Chickémauga. Its uppermost limit is cut out in

the Laboratory area by the thrust fault along Haw Ridge.
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Higher Units

Within the Oak Ridge area .there :are isolated occurrences of the -
Rockwood, Chattanooga, and Ft. Payne formations.: However, discussion..- -
of them is omitted in this report inasmuch as they do not occur in the . -..-:
X-10 area of the Oak Ridge National Laboratory and have ho bearing, . ise0

.therefore, upon this study. -

GEOI.OGIC STRUC'IURE

The direction of d1p of all of the rock forms ions in the Oak R:l.dge
National Laboratory (X-lO) area is southeast, cons:.stent w:Lth the prevalent
situation thryout the Valley- a.nd Ridge Prov:.nce of eastern ',I'ennessee. o
With the exception of a few outcz;ops, the angle of dip is within the reoge
of 30-40 degrees, the average being 36 degrees. The average difectioxi. r‘of
strike within the laboretory area’is} north 589 -east. 'l‘h:ls is e:sligvht‘ |
departure from the average of north 56° east for Bethel Valley as a whole.
Minor flexures in the rock are unusual in contrast with the monotonous 4
regularity ofqiost. of the strata. Most striking of such secohdary folds '
is a small anticline in unit "A" of the Chickamauga formatlons, exposed
in a cut along the White Wing road across Chestmt Ra.dge, west of the |
Laboratory.' On the whole, however, the attitude of the formations is
remarkably uniform within the immedlate site of the Laboratory. (See'.» -
Plates 2 and 12.) | |

A significent thrust fault boccurs along Haw Ridge et the souﬁhee.st
side of Bethel Valley where the resieﬁant' s.iltst‘one (ooar;ozit;ic) st‘.ré.ta

of the Rome formation 'have been tﬁrust ove‘z“ the upper units of the mnch
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younger Chickamauga group. The trace of the fault follows along the
northwest-facing slope of the ridée, at various elevaticns below the
crest which is on the upthrow side. The average strike of the fault-
sarface is north 56° east; the dip is to the southeast at an undetermined
anglee. Fieid»observations and calcglations suggest a féirlyuhigh:angle
.of dip -probably as great as 459, thms slightly in excess to..that of the
bed-rock layers. Thé stratigraphic throw of the fault is more than 5500
feet. Whiteoak Creek crosses the fau;t where it enters the gap through
Haw Ridge just south of the laboratory. The fault was'pierced‘by the
core drill in two places in this vicinity, namely in holes Noé. 29 and

50. (See Plates 2 and 12.) g

GEOLOGIC MAP AND STRUCTJRE SECTION
The geologic maps and accompanying structure section of the X-10.

area of the Oak Ridge National Laboratory, Plates 2, 3-10, 12, were

‘prepared by Harry J. Klepser. The detailed mapping project on the scale

of 1 inch to 100 feet was considered requisite to this stady. (See

Plates 3-10.) From them can be seen the accurate positions of the variﬁus
types of rock strata iﬁ relation to potential sources of—contamination,A
and, in turn, to factors involved in movements of ground waters. Greatest
field attention was given the eight units of the Chickamauga group which
have been carefully traced and mapped individually. The mumerous dip-
strike symbols reédily reveal the structural conditions. The various
formations and sub-units come to the surface along northeast-southwest

trending, parallel belts. Since the direction of dip is southeast, the

strata are oldest at the northwest side of the area and are progressively

557 pas o e e :




younger southeastward as far as the fault where the much-older Rome ;- - - -

formation occurs. Hence from there, southeastward, the strata are. . ..
likewise progressively yéunger across Melton Valley to Copper Ridge.

‘The maps show some, but not all, of the buildings and plant structures
of the Laboratory, as well as contour lines 'énd drainage pattei'n._ Since
the maps were made there have been many changes in roads, buildings, ahd

other structures at the X-10 site.

GEOLOGIC FORMATIONS AT PbTENTIAL SOURCES OF CONTAMINATION |

At the X-10 unit of the Oak Ridge National Laboratory the tank farms
into which fluid.wastes from various sources are piped lie upon uhit agpa
of the Chickamauga group. The earthen-diked settling ponds which receiie
the fluid discharges from the tanks rest upon unit "G" of the group, and
the small retention pond nearby upon t.ﬁe same unit. Whiteoak Creek, which
receives the overTlow from these ponds, runs first along unit #G" for a .
short distance, then across unit "H* to Haw Ridge gap where the fault is
crossed. The creek thence flows across the Rome formation and finally
onto the Conasauga shale which holds Whiteoak Lake. ‘A small old burial
ground, some 300 feet south of the main settling pond, where canned solid
:iwasté has been buried, rests upon limestones of unit #H."™ The main
bui'ial ground in current use, where sol‘id wastes and .contaminated materials
and discarded equipment are bufied, lies upon unit "G," t.hé same unit
which hold§ the settling ponds. Unless there should be breaks and leaks
in the tanks, drainage lines, etc., of the liquid disposal system, the
potential sources of underground contamination are the retention‘and :

settling ponds, Whiteoak Creek, and the burial grounds. Greatest of all

is the main settling pond with a capacity of 1,600,000 gallons and an area

Lo ec. + em. . vae . . @ 3 vow
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of about 62A000'squaré feet. (See Plate 2.) - e e R

Unfortunately, ‘the settling ponds and the course of Whiteoak Creek
‘tb where it crosses the fault in the gap, rest upon limestones, units "G"
'and'*H,“ which are éusceptible to underground‘solutlon and to the
development of open voids with consequent increase in permeability. The
prevalent type of limestone in these units is compact, dense orlfine-
grained in texture, occurring in thin beds with-innumerable argillaceous
partings interwoven throughout t$he rock. In addition there are calqareous,
shaly layers separating the thin limestone beds. All of this rock,
therefore, is devoid 6f any significant primary porosity. However, small
secondary openings in ihe rock brought about thru solution by ground waters
'exist in minor amounts as revealed by the core drilling. This particular
type of limestone does not favor development of large caverns which may
characterize purer and more massive types. The large burial ground rests
upon the same type of rock as the settling pond. |

Drill cores reveal the rock at the fault zone to be quite dense.
Original porosity has been sealed by mineralization. It is,therefore,
highly improbable that any contawminated wﬁters from ¥hiteoak Creek
percolate thru this zone. The Rome formation which underlies Whiteoak
Creek immediately downstream from‘the fault is composed of siltstone and
silty shale which is also compact and comparatively impervious. Thev |
siltstone (or fihe-grained sandstone) is dense and quartzitic. The most
impervious of all geologic formations which underlie potential sources of
céntamination ié the Conasauga shale, especially the Pumpkin Valley
member at the base. Whiteoak Lake and its inflowing stream lie upon this

formation. The shale is argillaceous, compact, and non-porous.

s
1
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Interbedded with it are thin "sheets" of dense' siltétong, gqpeajally ,;Leés
than oné iﬁch thick, and occasional limestone lensés. An airfp;;essufe

test of & drill hole in this ‘shale suggested # iack bf obvious _. permeability.
The southeastern side of Whiteoak Lake encroaches upon interbedded limestone

amidst the shale in the upper part of the Coxiasauga unit.
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CHAPTER IV. SUB-SURFACE GEOLOGY AS REVEALED THRU CORE DRILLING N

MULTIPLE PURPCSE OF THE DRILLING PROGRAM

Core drilling in connection with the study of geologic conditions-at
ﬁhe X-10 site of the Oak Ridge National Laboratory was undertaken for
séveral purposes, namely:4 (a) to supplement the knowledge of Stratigraphy
and structure obtained from surface, areal studies; (b) to reveal,
through rock cores, details in lithology, especially asvbearing'upon*
texture and porosity; (c) to determine the existence and magnitude of -
solution channels (if any) in the rock; (d) to provide rock cores to be
analyzed for radioactive contamination; (e) to provide wells for’
collecting water samples for analysis; (f) to provide exploratory wells
for radiation detection by means of radiologging; and'(g)'to pfovi&e |
pertinent data on the hydrél?gy of the area, especially as regard water-

table levels and migration of ground waters.

o SCOPE OF THE DRILLING PROGRAM o

The program cdl led for a total of(hSOO feet of NX core drilling
distributed among 51 holes, ranging in length from 50 to 300 feet. All
holes exgept one were drilled vertically. Three ;rilling rigs were
operated siﬁultaneously. Drilling started on Decemﬁervlé, 1949, and
ended on March 22, 1950. Hole No. 1, underneath the main settling pond,
was drilled for 300 feet at an angle of 55 degrees from the horizonal so
as to cut the bedding planes of ‘the strata at approximately Tight angle.
Forty eight drill holes are located in Bethel Valley; two on the flank

of Haw Ridge at the margin of Bethel Valley; and one near the northwest

margin of Whiteoak Lake in Melton Valley. The holes were numbered




approximately in the chronological order of the drilling. (For locatidns,
see Plates 2 and 13.) The spacing of the holes was determined from prior
study and knowledge of the areal geology in‘relation to potential sources
of contamination, and from the contemplated needs for hydrologic data.
Twelve holes, spaced from approximately 75 fo 100 feet apart, encircle the
settling pond; 10 holes encircle the méin burial grounds; two holes are
located so as to pierce the fault at Haw Ridge; one hole is in the
Conasauga shale near Whiteoak Iake; and the remaining holes are situated
along Bethel Valley bottom between the settling pond and the main burial
grounds and in otherwise appropriate positions for purposes of hydrologic
informa tion. bepth of mantle rock, at the time of drilling, ranged from
three to 25 feet. At all holes NX casing was set thru the overburden and
was left protruding well above the surface of the ground. Thirty of the
holes start in unit *G" of the Chickamauga rock group; nine in unit "H";
seven in unit "E®; two in unit “F%; two in the Rome formation at the
fault; and one in the Conasauga shale at Whiteoak Lake. These relation-

ships can be gleaned best from Flate 2 and from Table 1.

RECORD OF EXPLORATORY DRILLING
Table 1, which follows, gives specific data on the 51 exploratory
wells which were drilled. The X-10 plant coordinates of éll well-locations
have been accurately determined by a precise horizontal survey. The
cores of all wells have been logged and the records placed on file. The
boxes of rock core havé been stored and are available for any future

reference.
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TABLE 1. COMPARATIVE DATA ON EXPLORATORY WELLS'
® ’ w - |
5 2 8
A Da M = o
ol =88 B PN
Am TRy @ o2H
. nD® O oQ =
, s 28° BN %:8
. : : . .
® When drilled, Angle %?j '3 52 % © 238 . Geologic Units
oo .- 1949-1950 "~ Degrees Qv é 9 % 7 ] H 23& .. . encountered
1 Decs 19 - Jan. 10 = 55 300.0 13,0 8L L6 776.L8 G, F
@ 2 Deci 16 - Deco 22 90 1000 9.2  T19.52 71212 G
3 Dec..2l -Jdan. 6 90 250.7 12.0 838,58 825.38 - Gy B
W Dece 27 - dan. § 90  100.2 7.7 787.98 T2k .. G
@ 5 Jan. 9 -Jan. 1l 90 100.0 = 10.5  842.77  825.75 .. . G
5 Jan. 4'-Jdan. 9 90 100,0  11.3  790.62 778.72: . . . G
7  Jap. 10 - Jan. 15 90  100.0 9.0 780,20  777.31 G
e 8 Jane 11 - Jan. 13 90 1000 8,0  778.52 T6.49 - . G -
0 Jan. 16 - Jan. 20 .90 1000 10,0  780.05  776.L45 . @
@ 1 Jan. 16-Jan. 18 90  100.0 9.0  T78.89  T75.66 .. . G
2 Jan. 19 - Jan. 25 - 90 100.0 9.0  T778+53 772.15 .. Hy G-
3 Jane 20 - Jans 26 90 10060  10.0  787.87 77493 .. - . Hy G
@ L Jan. 2 -Jan. 31- 90 1000 0.2 788.83  775.73 .- Hy @ !
6  Jan. 23 - Jan. 26 90  100,0 12,0  B8L0.28  810.52 - Gy F -
@ 7 Jan. 26 - Jan. 30 90 100.0 9.0  782.16 77997 G
8 Jane 31 - Febo 2 90 : 10000 13.0 778.36 : 7760 27 : G
9  Feb. 2 - Febe 7 90 100.3  13.5  783.35 77163 H
@ O Jan. 27 -Feb. 3 90 100.0  12.5 836522 819.20 . . F, E
®

(4]
e
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o
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TABLE 1, COMPARATIVE DATA ON EXPLORATORY WELLS

go‘ :33 M §
. ' S® 52 g8 28 o . rres
o e drlled wnele B3 05 Bo S5EN Gplosc
21 TFebs 7 - Feb. 10 90 10060 12,0  83L.30 807.75 Gy, F
22 13 - Feb, 18 90 100.0  10.5  825.69  810.60 Gy, F
23 17 - Febs 21 90 100,0  10.0  827.50  818.57 G
2l L - Feb. 8 90 100.0 5.0  779.26  777.8L G
25 8 - Feb. 10 90 50.0 6,0  790.12  78L.T3 G
26 10 - Febs 14 90 5060  20.0 779,62 77076 H
27 9 - Febs 10 90’ 50.0 8.5  778.88  771.68 H
28 13 - Febe 15 90 10060 = 23.0  T790.47 776.1L H
29 17 - Feb. 29 90 198.0 8.0  T797.06  769.L8 Rome, H
30 15 - Feb. 16 90 50.0 - 6.7  782.78  777.0L G
A 16 - Feb. 17 90 50,0 3.0  786.82  781.96 G
32 22 - Febe 24 90  100.0 8.7 _ 839.59 - 824.78 @
33 20 - Feb. 21 90 50.0 4.0 799.40  796.53 E
3k 22 - feb. 23 90 50.0 5.8 79h;3o 788,04 E
35 23 - Febs 26 - 90 50,0 15,0 801,90  786.L8 E
36 28 - Mar. 1 90 50.0 7.0  818.47  s02.1k E
37 1 - Mar, 2 90 50.0 6s2 800,63  T781.0L E
38 2 - Mar, 90~ 50,0 20.6  831.38  803.28 E
39 7 - Mar. 90  50.0 6e5  B820.62  dry E
Lo 9 - Mag. 10 90 50.0 L.0  808.07 781.90 F, E
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TABLE 1. COMPARATIVE DATA ON EXPLORATORY WELLS
. &0
T 2 . 8
7 888 9V 9%
VQ,\ 7] ‘:‘-6 . =] Eo o QH
A Eul B w8 o - o - O D .=~
) °o . g%<2 B3y 378
ihen drilled Angle 5% 568 5 B8el P 1"‘.Ui-ts
_vwhen drillie gle ) yeologic Un
No. 1949 - 1950 ’ . Degrees - A 98 ®HS dgs encountered
@ L1 Feb. 2 -Feb. 27 90 50,0 10,0  831.88 79942 G, F
L2 Febe 26 - Mare 2 90 5040 1.0 833.26 81179 G
L3 Mar. 2 - Mar. 3 90 50,0 9.5  798.80  792.66 G
® Li dar.7-Mar. 8 90 50,0 9.0  B13.10  783.82 G
hs Mar. 3 -‘Mar. 8 . 90 50.0 605 7910)48 788057 - G
46 Mar. 9 - Mar. 10, 90  50.0 3.0 787.62  783.87 G
@ L7 |Mar. 11 - Mar. 13 90  50.0 9.0 . 796,45 . B6.LS . ¢
L8 Mar. 9 - Mar, 10 90 = 50,0 11,0 784.90  778.51 H
L9 Mar. 7-Mar. 8 90  50.0 8.0  T718.9L  77h.90 H
@ 50 Mar.l-Mar. 6 90 90,0 6.0  829.11 813280 RomeH
51 Mar. 16 - Mar. 22 90  161.0 3.0 - _ : Conasauga

o 1/ Hole No. 1 is inclined, 55° from horizontal; 300 feet 4is length, not depth.
_2_/ _3_/ Measurements by Ge Do beBuchananne i
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For the purpose of this report it is regarded unessential ‘to publish
the logs of all the 51 wells. Logs of but two wells are submitted below.
They illustrate the kind of detail revealed in the core drilling. The
firét is that of the oblique hole which runs beneath the settling pond;

the second, of hole number 29 which cuts the fault at the gap of Whiteoak

Creek across Haw Ridge. The first hole is mainly within the "G" unit.of '

- the Chickamauga rock group, piercing the "F# unit near the base. The
second starts in the Rome formation and then, after penetrating the

fault, pierces the "H" unit of the Chickamauga.

Log of drill hole No. 1, angle 55°

Location, on dike at southeast side of settling pond, running
obliquely northwestward beneath the pond. Length of hole, 300 feet;

altitude top of casing, 78lL.L46 feet; altitude bottom of hole, 538.7 feet

Core pulls, , Length of core,
in feet Kind of rock in feet

0.0-13Q0 Recent mantle rock

13.0-22.3 Chickamauga group, unit "G":

Limestone, gray, mostly dense to fine 7.0
grained; occasional coarser patches
with shell fragments; with abundant
irregular, thin, dark-gray to black
argillaceous partings, closely
spaced, branching and interconnecting,
producing a brecciated or "nodular?
appearance; occasional slickensided
surfaces along the dark partings;
miniature stylolite~-seams in various
directions

22.3-32.3 Same as above ) 10.0
32.3-43.0 Same as above | | 10.0

43.0-53.0 Similar to above; clay partings more 10,0
abundant; with numerous, prominent
bryozoans o

LT L R LU . ...g--«v"icw,( Qéé



Log of drill hole No. 1 (contimied) -

®
Core pulls, : ' Length of core,
in feet : Kind of rock . : in feet
[ - 53.0-55.0 " Same as above v v 2.0
55.0-66.0 = Same as above ‘ 1040
66.0-75.0 ' ®Nodular® limestone, similar to above but 8.5
. coarser in appearance due % abundant
o : shell fragments; with finely-disseminated
pyrite in scattered patches
75.0-83.0 Same as above | L 7.6
83.0-93.0 Limestone, dark gray; with abundant thin, g
® ) , closely-spaced, grayish-black, argil-
laceous laminae, slightly calcareous;
with elongated, finger-like white
crystalline masses, transverse to bedding,
resembling bryozoans. This limestone is
not as ™"nodular® in appearance as that
o . . .. above _
93.0-103.0  Similar to ab-ove"‘ S 10.0
103.0-106.5 Same as above o , o 345
® 106.5-115.0 Similar to above; clay laminae become more 1.5

irregular and less abundant downward

115.0-125.0 Limestone, gray, dense to fine grained; ) 9.9
occasional coarser patches with shell :
fragments; with abundant irregular, thin,

® _ dark-gray to black argillaceous partings,
closely spaced, branching and inter- )
connecting, producing a brecciated or
“nodular" appearance; with miniature
fractures, transverse to bedding

® - 125.0-135.0 Similar to above; argillaéeous partings be- 10.0
: coming less abundant downward; limestone
“has unifora, fine-grained texture
135.0-145.0 Same as above ‘ ‘ 10.0

® 145.0-155.0  Similar to above ' . 10.0

i)
Gl
-~}
b
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log of drill hole No. 1 (continued)

Core pulls, " Length of core,

in feet Kind of rock' . 4in feet 1 .

155.0-165.0 Limestone, gray, mostly dense to fine-grained '
: with few coarse-grained patches; with e
abundant irregular, thin, dark-gray to
black argillaceous partings, closely
spaced, branching and interconnecting,
producing a 'nodular" appearance

165.0-174.0 Same as above _ _ 9.0
17k.0-18L.0 Same as above . 10.0
184.0-188.0 Same as above . h.é
188.0-196,0  Same as above | { 7.8
196.,0-202.0 ~ Same as above _ 6.0
202.0-212.0  Same as above ‘ ‘ 9.6

212,0-216.6 Rock, same as above; with two, small solu- L.S
’ tion cavities (channels), about one-half
jnch wide, at 214.6 and 215.6 feet

2;6.6-218.6 ~ uNodular" limestone, similar to above 2.0

218.6-225.0 S;me as‘above _ © 5.5
225.0-235.0 Same as above | _ | 10.0
235,0-245.0 .  Same as above ’ ,‘ | 10.0
2L5.0-255.5  Similar to sbove; with mumerous, thin cal-  10.0

v site veins ‘ ’
255.5-265.5 Similar to above; fewer cglcite veins 10.0
265.5=275.5 Same as above ,\ | v 10.0

275.5-285.,5  Similar to above;“argillaceous laminae becom- 10.0
ing more regular and thinner downward; be-
coming more shaly in appearance

285,5-295.5 Laminated limestone, similar to above, grad- 2.7
ing into siltstone beneath K



Log of drill hole No. 1 (continued) - o : : T

o
Core pulls, | ' . Length of core,
_in feet - Kind of rock in feet -
® - Chickamauga group, unit "F": »
' Siltstone, calcareous, mostly purple-maroon; Te3
with bands of gray limestone, cont.alnlng
thin, maroon, silty laminae ‘
295.5-300.0 Limestone, silty, olive-gray; with thin, Lok
o ' maroon, silty laminae
Total amount of core 278.8
Total length of hole - 300.0
Log of drill hole No. 29, angle 90°
. . . - - .
Location at gap of Whiteoak Creek thru Haw Ridge. Depth of hole,
198 feet: altitude top of casing, 797.06 feet, altitude bottom of hole,
599.06 feet , '
@ _ .
Core pulls, .~ Length of core,
in feet Kind of rock in feet
0.0-8.0 : Recent mantle rock
L Rome formation: o L e S
8.0-21.6 Sandstone, broken pieces S 1.6
(two pulls) i :
21.6-31.0 Sandstone, gray, brown, maroon, fine . 1.5

grained, quartzitic; with scatt.ered
, clay partings; with calcite veins;
® badly broken; poor recovery; missing
- rock probably shale

31.0-37.0 Same as above o 2.8
37.0-U7.0 Same as above : S 2.7
d - 4 7.0-56.6 Same as above . : S P |
56.6-63.0 Dolomite, siliceous, dark grays; saccaroidal - 2.8
texture; abundant calcite veins; poor
recovery, with shaly rock missing
¢ 63.0-67.46. - Same as above - | 1.8
67.6-73.0 ~ Same as above 1.8
o e R s




Log of drill hole No. 29 (continued)

Core pulls,
in feet

Length of core,

Kind of rock in feet

73.0-77.0

77.0-81.0
81.0-86.6
86.6-96.6
96.6-101.6

103.0-107.0
107.0-109.0
109.0-112.6
112,6-115.6

115 L] 6-186 [} 0
(15 pulls)

190.0-194.0
194.0-198.0

101,6-103.6

187.0-190.0

Same as above; more massive; better.
recovery _

Same as above

Same as above; massive

Same as abowe

Same as above

Sandstone, gray to pinkish-maroon; fine
grained, quartzitic, with clay partings;

~with calcite veins; brecciated in places.

Same as above

Same as above

Same as above

Same as above; dolomite at base

-.Fault zone, with confuséq broken mixture of

brecciated dolomite, quartzitic sandstone,
and shale; gray, olive, buff, pink, maroon;
with slickensided black partings. Thin

zones of dark-gray gouge at 112 feet, 127’
feet, and 186 feet

Chickamauga group, unit “H"®:

Limestone, gray, dense to fine gralned, with
grayish-black, irregular, wavy, arglllaceous
partings; “nodular" appearance

Same as above

Same as above

Same as abovwe

2.9‘

2.7
5.3
9.5
L.0
1.4

3.5
1.9
3.6
3.0

1.0

2.5
3.0

2.5

Total amount>df core
Total length of hole

[}
s
-
{2
¢4

~
“tio

106.0

- 198.0
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SUMMARY OF GEOLOGIC’FINDINGS FROM CORE DRILLING

A study of the cores substantlated the general stratigraphic and
structural-relationships which had been determined from surface explora-
tions and revealed many additional details brought-out in the preceeding
chapter. As‘previously’stated,“the'nOn—descriptf1imestones-off20ne?"G“?
of the Chickamauga group, which underlie the settling pond and the burial
ground, are -qQuite compact and non-porous except where secondary voids:
have been developed. The drilling revealed several, though not numerbus,
solution channels of small size in these limestones. Most are but an -
inch or so in diameter; the largest to be pierced, about one foots .
Drilling waters were lost through underg‘ro’und channels in holes MNos. 13,
16, 21, 38, 39, and LkLs Holes Nos. 29 and 50 pierced the thrust: fault
at Haw Rldge. These holes started in the Rome formatlon and finished in
unit oH" of the Chlckamauga rocks beneath the fault surface. The cores
reveal that the fault breccla and gouge are tightly cemented and there— :
fore are. quite impermeable. Quite - llkely, therefore, the fault would
block any horizontal mlgratlon of ground waters that mlght come from thefi
Chlckamauga rock belt which lies on‘the northwest. Furthermore, the un-
broken rock of the Rome formatlon ad301n1ng the fault is also non-porous,
con51st1ng of shale, quartzltic 31ltstone, and 51liceous dolomite. A

Hydrologic condltions as revealed from the drlll holes are d1scussed

1n Chapter V. Flndlngs as regards underground radloactlve contamlnation

are glven in Chapter VI.
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CHAPTER V.. HYDROLOGIC FEATURES
(By George D. De Buchananne)
CLIMATE IN GENERAL

Characteristics of the climate ‘bear directly upon the _hydroiogic o
featurés of any aréa. Temperature range, duration of growing season, |
and the precipitation intensity and distribution as to time, influence.
the recharge to and discharge from ground4water bodies. The climate of
the Oak Ridge area falls within the humid subtropical classification.

Table 2, following, gives rainfall and temperature data for the Oak Ridge
area as supplied by the United States Weather Bureau:
" Table 2

Monthly Precipitation and Temperature, Oak Ridge, '-Tennessee

: ' Maximum Minimam
Normal Rainfall Rainfall "~ Normal
Rainfall 19L4-50 19LL-50 . Temperature .
Jan. L.9 11.22 2.40 364
Feb, 5.0 : 8.52 1.89 38.8
March Sel 5.75 3.18 L5.9
April 5.5 6.11 101‘0 5609
June h.2 . 5087 1070 v 7208
July 4.8 6.05 2.7 7642
Aug. . L.8 L.90 ~ 1.80 73.8
Sept. 3.6 12.84 - 1.07 : 68.7
Octe 2.6 60,43 1.20 57.)4
NOV. ) 308 12000 1.01 h? ol.

Dec. Lol 5.55 2.74 Lo.k
Annual 524 |

Table 2 indicates that the normal temperature ranges fr;om 76.2 degrees
Fahrenheit in July to 36.h degrees in January. The évérage frost—free
period of about 196 days extends from April 11 to October 24, thus providing
ample time for all crops normally grown in this aea. Frost has been

recorded as late as May 10 and as early as September 26. Transpiration and
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evaporation, of course, would utilize a substantial part, or perhaps most
of the precipitation during the frost-free period. Thus, recharge to the
ground water would be at a minimum during the growing season.

‘Table 2 also shows that_the average annual precipitation is 52.4
inches and'that the high and low precipitation months are April and
October respectively. ‘Thé normal range of only 2.9 inches between the
two monthly extremes, indicates that rainféll distribution is fairly |
uniform through»the year. Normally some of the annual precipitation

falls as snow during the winter, but it generally melts within a day or

. two.

SURFACE WATER

In Chapter II, "Location and Physiography," the surface drainago in
relation to topography at the X-10 site of the Oak Rldge Natlonal Laboratory
is discussed. The immediate site of the Laboratory lies in Bethel Valley .
ono is drained by a small stream, Whiteoak Creek, and its tributaries. Low
divides in the trough of Bethel Valley separate the Whiteoak draiﬁage from
that of Raccoon Creek to the southwest and Bearden Creek to the northeast.
(See Plate 1.) Just south of‘the Lgboratory,-Whiteoak Creek flows out of
Bethel Valley through a narrow water gap across Haw Ridge, to wherq:it is
"joinedwby Melton Branch and then flows south-southwest along another trough
into the Clinch River some two miles away. Between the junction with
Melton Branch and the Clinch River, however, the Whiteoak Creek is ponded
in Whiteoak Lake reservoir, aS'discusseo in Chapter II. The eleration of
the junction of Whiteoak Creek and the Clinch River is that of Watts Bar
Reservoir, Thl feet; of the top of the spillway at Whiteoak Lake, 750 feet;

of Whiteoak Creek at Haw Ridge gap, 770 feet; of the drainage divide in.

Bethel Valley northeast of the Laboratory, approximately 860 feet; and of
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the divide soufhwest of the Laborato:y,'approximately 835 feet. The
surface drainage of the Laboratory area, therefore, is to the Clinch
River, by way of Whiteoak Creek.

Discharge figures on Whiteoak Creek are not available as gaging
stations were only recently installed. It is possible, however, to draw
some tentative conclusions by analyzing the two years of record from the
Buffalo Creek drainage basin (located some 2l miles northeast of this:
area) which is similar topographically and geologically to the Whiteoak
Creek drainage basin above Haw Ridge. The drainage basin of thiteoak

| Creek above a point*opposite test well No. 30 is about two sq. miles.
The drainage basin above the gaging station on Buffalo Creek is 9.45 sq.
miles.

‘ 2
Discharge figures from the Buffalo Creek gaging station-/ for

' £/ Unpublished records supplied by the U. S. GeologiCal Survey, Surface
Water Branch. » :

" the period of September 19L7 to September 1949 indicate that peak
discharges generally occur during Dec§mber, January, February, and March,
and minimum flows occur during September and October. The mean anmal
discharge, for the brief period of record, is 13.7 sec.-ft. which represents
a runoff of about 1l.45 sec.-ft. per sq. mile. A peak discharge of 757"
sec.-ft. occurred on February 13, 1948, and a minimum discharge of .3'seca—ft.
on September 17, 1948. The peak discharge occurred -after a period during'
which the total rainfall had been L.45 inches during a L8-hour period. The
minimum-diScharge occurred after a period during which no rain had fallen
for seven days and only0.68 of an inch of rainfall had fallen during the

preceding 31 days;
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If the minimum discharge of Buffalo Creek is assumed .to represent

. only ground;water discharge, then a base runoff of about~.03 sece=fte: - -

per sq. mile is indicated. This, however, would not be the total ground-
water discharge, for it does not take into account evapotranspiration
losses and losses via subsurface drainage through caverns which are
presumed to exist in the area, baeed on knowledge of caverns occurring - -
downstream from the gaging station. Considering the types of vegetation
and amount of agriculture in the respective areas, and noting the lack-

of known: large solution cavities in the Whiteoak Creek watershed it is |
assumed that‘the-minimnm runoff per square nile would be higher for
Whiteoak Creek than for Buffalo Creek. It is estimated that the minimum
runoff would be approiimately .15 sec.=-ft. per sq. mile for the two-square-
mile portion of the Whiteoak Creek watershed that lies upstream from the
point whe re discharge from the Oak Ridge Laboratory settling basins entere

the stream.

 GROUND WATER
‘ Water that falls on the earth's surface is dlsposed of by evaporation,
by 1nfiltratlon 1nto the ground, or by overland rnnoff. That whlch runs off

overland is called surface water and that which inflltrates into the ground

is called subsurface water.

Subsurface water in turn has been subdlvided into two general

cla831f1catlons.-/ That part of subsurfacevwater which is in the 2zone

4 Meinzer, O. E., The Occurrence of Ground Water in the United States:
U. S. Geol. Survey Water-supply Paper L89, 1923.

‘of saturation is called nground water" or "phreatic water," and that part




of subsurface water above the zone of saturatlon - called the zone of

aeration -- is termed "suspended subsurface water" or “vadose water."

In the zone of saturation all interstices of permeable rocks are ‘saturated
with water under hydrostatic pressure, whereas in the 20ne of aeration the
interstices are not filled with water or are only temporarily filled with
water in transit from the land surface to the zone of saﬁuretion. The
zone of saturation is the zone which yields water to wells while -the zone
of aeration supplies moisture to the roots of.plants._

The occurrence of water in the rocks of the earth's crust is
influenced largely by the character, distribution, and structure of the
rocks, and by the size, shape and continuity of the interstices in the
rocks. Many rocks have numerous interstices of very small size whereas
others are characterized by a few large openings, such as joints or
caverns. In many rocks the interstices are connected, permitting water
to percolate through; in some rocks, however? the interstices are largely .
isolated with little or no opportunity for movement of water, The
property of a rock containing interstices is calied its porosity. Porosity
is expressed as the percentage of the total volume of rock'uhat is not
occupied by solid material. The porosity of a rock depends chiefly on the
shape and arrangement of its particles and- their deéree of assortment, the
amount of cementation and compaction, the amount of solution by circulating
waters, and the amount of fracturing. The rate at which water can be
transmitted through a unit cross section of rock under unit difference of
pressure per unit distance is a measure of its permeability. Permeability
and porosity are not synonymous. For example, clay is‘one of the most
porous of earth materials, but the-pores are so small that it is one of the -
least permeable: A rock that is devoid of interstices, or contains only

isolated interstices, would be called impermeable.
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The upper surface of the zone of saturation in ordinary permeable .

. soil or rock is called the water table. If a well is drilled so as to. .-

penetrate the saturated zone, water will flow into the well and will

stand in the well at the same elevation as the adjacent water table.

The water table will be affected by climatic conditions; rising during .
wet periods and‘falling during dry periods; During periods of excessive
precipitation the water table may rise to the land surface; ground water
being discharged in seeps where the water table intersects the land
surface. In some geologic settings one or more saturated zones may occur
above the water table as a result of discontinuous impermeable zones.
which, by retarding downward movement of soil water, cause small perched
water bodies to form. During dry weather these perched water bodies . -
commonly lose their water by evapotranspiration processes, by seepage at
the surface,or by slow drainage to the irue water table below. A formation,
group of formations, or part of a formation that'is water-bearing is termed
an aquifer. ..

Accretions of water to the ground water reservoirs are called.
recharge. The amount of recharge is equal to the amount of water available
at the surface minus surface runoff, evaporation, and transpiration. The
physical properties of the soil and’of the underlying saturated zone, the
amount and distribution of precipitation, the temperature, the kind of
topography, and the types of vegetatioﬁ on the land surface are all factors
determining the amount of recharge,

The water in an‘aquifef is constantly moving from points of recharge
to points of dischérge. The rate of movement depends on the permeability
of the aqﬁifer and the steepness .of the gradient from the point of recharge

to the point of discharge; and the thicker the agquifer the larger will be

41 M.
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the volume of water moved. This principal is expressed by an adaptation
of Darcy's law of laminar flow which states that the quantity of water
moved is the prodﬁct of the permeability of the aquifer, the cross
sectional area through which the movement occurs, and the hydraulic
gradient.

- Several different methods may be used to determine the rate and
direction of movement of ground water. Tracers in the form of dyes or
electrolytes may be added to ground water to determine the time required
for movement from one point to another. The permeability of water-bearing
~materials may be determined in the laboratory either by mechaniecal
analyses or by use of discharging or nondischarging apparatus; and in
the field by conducting controlled pumping tests permitting computation
of the hydrologic properties of the aquifer. Contour maps can be constructed
showing the configuration of the water table and facilitating determination
of hydraulic gradients and the direction of ground-water movement. All of
these methods are in use, but each ‘presents problems. In using tracers
consideration has to be given %o absorption, adsorption, and dilution as
well as detection of the tracer at the observation point. Laboratory
determinations of permeability utilize at best only a small portion of the
water-bearing material which often has been disturbed in the collection
process and thus is not truly representative of the aquifer. Pumping test
techniques are based on the assumption that the aguifer is homogeneous,
isotropic, and of indef;nite extent, whereas in practice these conditions
are rarely completely satisfied.

Ground-water recharge and movement away from areas of recharge

necessitate some corresponding discharge of ground water at other locations.

This discharge is by evaporation, transpiration, and by springs and seeps
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to surface streams. A moist zone, called the capillary fringe, in which

water is drawn up by molecular attraction acting against gravity exists

just above the water table. The thickness of this capiliary fringe varies
inversely with the size of the interstices. When the water table is so
near ﬁhg land surface that the capillary fringe iﬁtersects it, é considerable
amount of ground-water evaporation takes place. Roots of plants which
exﬁend down into the capillary fringe and into the zone of saturation,
conduct water up to the surface to be transpired through the leaves. 1In
places where the water table intersects the surface, ground water is
discharged as permanent springs, wet-weather springs, and seeps. These.
are the chief means by which ground water is discharged. Changes in amount
of ground-water storage are determined by the summation of the measured

discharge by each of these_means.é/

Zf»MEinzer, 0. E.;'dutiing of Methods for Estimating Ground Water
Supplies: U. S. Geol. Survey Water-Supply Paper 638-C, 1932.

The chemical quality of ground water is influenced by both the quality
‘of fhe fechérge wéter and the chemical character'ofAthe material throughl
which the water moves. Under natural conditions the main source of recharge
is pfeéipitation, so;that the chemical qualitj of thé groﬁnd‘water‘is
governed'primarily by the character of the rock tﬁfoughvwhich‘it moves.
Howe?er, wﬁere the recharge water is contaminatéd (for éiample, surface
streanms which.are contaminated by ihdustrial-wéste), undef certain
ground-wéter conditions, contaminated water from the stream may percolate
into the ground-water reservoir. Foftunately this situation is ofteh
alléfiated because conéentrations of certain tjpes of>contamina£ion.may be
reduced By'absofption, adsorption, chemicai reaction or ibn exchénge processes

occurring in the material thrcugh which the contaminated water pefcolates."
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GROUND-WATER CONDITIONS AT THE OAK RIDGE NATIONAL IABORATORY -

The water-table map (Plate 13) of the Qak Ridge National Laboratories
area shows, by its close correlation with the topography and surface
drainage, that ground water occurs under water-table rather than artesian
conditions. Thus ground-water discharge contributes to the base flow of
. the surface streams in this area, and ultimately augments the flow of the
Clinch River. |

The water-table map was constructed by using depth-to-water-level
observations on 50 tests wells dispersed throughout the area. The water-
level observations were all made on the same day to give,as closely as
was feasible, an instantaneous representatioh of the water-table
configuration. Each measurement was converted to feet above mean sea
level so that all would be related to a comﬁon datum plane. = Contour
lines at five-foot intervals were then constructed through_pointslbfrl
equal elevations, incidentally reflecting thelconfrol of topogr&ph&randﬂ
surface drainage. The location of numerous wells around the‘éetﬁling .
basins made it possible to draw contour lines at oné-foot intervals in
this area with a fair degree of assurance. These one-foot'contouf lines
show in deiaii the effect of water stored on the land surface in open
basins above the water table. »At>presen£ adequate control in theiform
of obsefvation wells is not available to allow for the preparation éf a |
map that presents an absolutely accurate picture of the water tahle; |
however, this map.represents the most reasonable interpretation 6f theb
data now available, and doubtless is fairly reliable. -

The depth to the water table varies with regard to the land surface.

In general, the water table is a subdued replica of the land surface,
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rising slightly below the hills but occupying positions closer to the
land surface in the valleys. The amount of soil overlying the bedrock
seems to have little relation to the depth to wﬁter. This'is'as‘wouid‘be
expected in limestone terranes where weathering and amduntvof residual
soil cover varies with the solubility of the parent rocke. ‘Records of
water levels in weils adjacent to permanent streams.conéisténtly'indicate
that ground water is being added to. the streams; that is,-the'streams are
effluent with respect to ground water, |

The plant facilities constituting the X-10 unit of Oak Ridge National
Laboratories may be divided arbitrarily into three broad groups, namely:
(1) the laboratory building site and tank farus; (2) the main burial
grounds; and (3) the liguid waste-disposal sites. The laboratonilbuildings
and tank farms are located on the northwest sbpe of Bethel Vallej where
the depth to the water table is fairly great ranging from 5.6 to 25.1
feet. The main burial gzrounds are at a surface'&raiﬁage divide where the
depth to water ranges from 8.9 to 33.3 feet below the land surface. The
liquid waste disposal sites, that is the settling basivs, are 1$Cated-in_
the valley bottom near Whiteoak Creek where the depth to the water table
ranges from one to 6¢3 feet below the land surface. R |

Under water-table conditions, recharge of the aq1i£ef can occuriéﬁ&
place where water can infiltrate the soil. In the areé covered by'thié‘
study it would appear that recharge can aad does take plaée throughout
the area. The lithology of underlying geologic formations, the degree
of fracturing of these rocks, and the amount and type of soil bover, all
influence the rate of recharge. Detailed studies were not ﬁarrented oﬁér

the entire area to determine the more permeable areas, but variation in
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fluctuations of the water table indicates that certain areas are more
susceptiblevto recharge than others. This is believed to be due in part
to the somewhat thinner cover and more permeable nature of the soii in

the valley bottoms, versus the thicker more clayey cover andhless_permeab;e
nature of the soil on the slopes.

The addition of liquids to the soil by operations in the X-10 area
causes recharge of the ground-water reservoir. Similarly, any fluids
which might be released, either through accident or structural failure
of tanks or pipe 1ines,-would pass downward through the zone of aeratién
into the zone of saturation where they would mingle with the natural ground
water,

In the area covered by the X-10 plant site there are several places
where natural recharge may be augmented by operations now practiced. .

These potential sites that should be considered are along the courses of
pipe lines, bu:ied tanks that retain or hold fluids, the open settling
basins, and the streams into which waste fluids are discharged.

Pipe lines and storage tanks can be grouped together for consideration
since both are presumed to be free of any leakage. However, should
leakage result because of disturbance by man or nature, or through
weakness caused by the fatigue of the materials used in the structures
themselves, the released fluidss would infiltrate downward through the
zone of aeration to the saturated zone to recharge the aquifer. In most,
if not all, cases the fluid-conveying or storage structures are buried in
areas where the capillaéy fringe does not extend to or very near the land

surface. Accordingly, if released, the fluids would be subjected
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»
primarily to gravity forces tending to move them downward-to the saturated
zone.

The open setiling basins, which were constructed with no méasures
taken to prevent the downward percolation of fluids (construction discussed
in Chapter I), should be recognized as a source of actual recharge. These
basins were constructed in an area where the soil cover is presumed to -
be the most pe;meable and where the water table is close to the land surface.
Water-level observations in this area show a quick response to precipitation
and to the fluctuations of Whiteoak Creek indicating that the water has
little difficulty moving through the soil. o

Details are given in Chapter IVof this report concerning a drilling
pfogram which included the drilling of an oblique well beneath the largest
settling basin. - This well was later pressure-tested to determine whether
interconnection existed between the well and the basin itself. The
testing was accomplished in 50-foot cumilative increments working upward
from the 250-foot level to the the 50-foot level. From the 50-foot level
to. the bottom of the casing the well was tested in separate 5-foot sections.
Air~préssures of about 90 lbs. per sq. inch were used to make these tests.
Testing showed that fromithe surface to a depth of 50. feet in the inclined
well there were four zones, each approximately five feet in lenghh, where
air could readily excape from the well through the openings in the rock
formation to discharge, ultimately, at the basin surface. -In testing the
- remainder of the well below the 50-foot depth several other zones of air
leakage were noted, but sufficient control could)not be maintained to
determine their exact position. The testing did establish, however, that

whenever the elevation of the water table underlying the basin and adjacent
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areés fell below the basin's surface elevation (about 788 feet) fluids
from the basin could move downward into the aquifer.

Thus, these basins are potential sources of contamination of the
water resources of the area. The volume and\extent-of the downward
leakage from the basins is not known, nor the extent to which radiation
products have accumulated in the material underlying the basins by processes
»of ion exchange and adsorption. It is not known whether tﬁese processes
permanently fix the radiation products, or hold them until the level of
radioactivity is below the limit considered safe; or whether these
processes may be reversed by normal plant operation, or by accident; And
it is not known whether the material sc fixed to date represents a small
fraction or a large fradtion of the capacity of the soil amd rock to fix
such materials. Studies to determine these unknown factors should be
undertaken at the earliest practicable time.

Whiteoak Creek receives discharge directly from the settling basins
mentioned above and it is possible that in extended dry periods this
discharge excezds the natural flow of whiteoak Creek at the site of the
basins. As long as ground-water discharge accounts for the total flow

of a stream.there will be no recharge from the stream and if the stream
should become completely dry then the water table could conceivably
decline below the stream bed. Recharge to the aquifer would thus occur
whereever water was added to the stream chamel, as for example where the
discharge from the settling basins is spilled into the channel of Whiteoak
Creek. Contaminated water occasionally spreads over the flood plain -of
Whiteoak Creek, during flood periods, permitting ground-water recharge

to occur.
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Natural ground-water recharge would be augmentéd in the event of

an aécident which ébilled contaminated fluids anywhere within'thefx-10%~

area. Although some of the fluids thus spilled would bé lost by

evaporatiqn, some would be retained as soil moisture, and some would be °
held through absorption, adsorption, or base-exchange prdpertiés-inﬂthe
s0il and rocks, but some would acﬁually reach the water table and move
down gradient in the aquifer. Even though the retentive processes
mentioned above could conceivably account for all of the fluid, it -

" 'should be remembered that the contaminating material itself would not -
be evaporated but would be left either on the lard surface or just below
the surface from where it might be carried downward during the next
period of rechargej or perhaps it might be attached to the soil particles
and later be scattered about as dust during dry periods.

As was pointed out before, it is believed that the aquifer can be
recharged anywhere in the area. This means that any contamination that
_may be subjectsd to the downwind percolation of water may be added to the
ground water. Particular sourcesbof danger are the "burial grounds,",/
and any other places where contamination may have fallen on the land -

surface.

The "burial grounds," which are described in.detail in Chapter I,
are used to bury materiais which were contaminatéd through use of
accident. The burial process consists of digging a trench ihrough the
soil‘mantle down to bedroék, placing contaﬁinated material in the

trench, and back-filling the trench with the original soil. The

contaminated material in the "burial ground," being used at present, is
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located in thé gone of aeration and probably above theAqapillary fginge
of the water table. 4s recharge occurs from precipitation at the ) ;7
fpurial ground," the contaminated material is subject¢d Fo leaching és

the water moves through the zone of aeration.. Possibly,thgwever, owing

to thé nature of the contamination, its downward movement may be retarded.”
by absorption of the soil so that it is merely transferred from.the buriéd
articles into the soil. >Where this is the case consideration should be

given to the possible future release qf.the contamination from. the soil
under some unforeseen conditions. If this should happen large concentrations
might suddenly be added to the ground water rather than the gradual = .
addition of smdl 1 amounts over a long period of time.

Contamination which may be added to the atmbsphere is called .- .
"air-borne contamination.® This can originate from the normal operation
practices or from burning of contaminated waste materials. Regardless
of its origin, if the contamination falls to the ground it gither will
be carried off with the surface runoff or will be carried downward through
the soil with the ground-water recharge. The possibility of thé
accumlation of this contamination through absorption by thg soil and
subsequent release réquires the same consideration as the similar type ! 
of concentration and possible subsequent release of contamination from

the "burial ground” areas.

MOVEMENT OF GROUND WATER IN THE X-10 AREA
From the water-table contour map (Plate 13) thedgéneral directions
of movement of ground water and contahination can.be inferred. The flow

'pattern of the ground water will be eSsentially a subdued fépIiCatof'the
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topography. Thus watar flows from areas of high elevation to_gﬁeasmof
low clevation and the principal movement ié in_directions»nqrmal_tomthe,
contour lines. Displacement of the contour lines from the normal expected
pattern shown that fluids from the settling basins are recharging the
aquifer, forming a ridge-likevstruétufe on the water table. Note in
particular the displacement of the 780-foot contour, to include the two
smaller settling basins which have a surface’ elevation of about 782 feet,
and the bending of the 778-foot contour to include the large settliﬁg
basin, which has a surface elevation of about 778 feet.

The unusual pattern of water-iable contours northwest of the
settling basins is caused by recharge from the settling basins and the
pfesence of a more permeable area created by a buried pipe line. This
pipe line is in a ditch excavated in a clay soil and backfilléd, which
increased the soils permeability. This back-filled ditch acts as a
drainage Channel'ﬁhich allows a more rapid movementiof grbund'ﬁéter
along its course. Water levels of the ditch are higher than those west
of it due to recharge from the pond. This filled ditch has the same
effect on the ground water as would an openiditch.

The water-table divide at the west end of the "Buiial ground®
shows that ground water on the west side of the divide will flow toward
the west into the Raccoon Creek_dfainage while water on the east side of
‘the divide will flow east into Whiteoak Creek drainage. (See Plate 13.)

The rate of grounddvater flow in this area is not known. Water

level fluctuations indicate, however, that during faiﬂy periods the water

table is recharged rapidly through the permeable soil coﬁer and following
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these periods the ground water is rapidly discharged. This is due in
part to the topographic expression which provokes rapid hfaiﬁégé,'and

in part to the low porosity of‘thesmaterial which bears importantly:upon
the amount of water that can be stored. Exéﬁiﬁation of céres from the
test wells shows that the porosity of these rocks is low and that’thé;

few exiSting openings afe primarily small fractures and sqlution channels.
The smallness of these openings and the slow recovery of water levels

in test wells after pumping suggest that the movement of water in the

bedrock is relatively slow.

AREAS OF DISCHARGE

It is known that ground-water discharge from the X-10 area occurs
through springs, wet-weather seeps, the banks of Whiteoak Creek and its
tributaries, and by evaporation, amd transpiration. The springs in ﬁhis ,
drainage area are all small with individual discharge rates of less than
10 gallons a minute.v‘Most of them are above the plant site and all are .
controlled by geologic factors. In wet weather small perched water bodies
develop and discharge in numerous seeps along the slopes of the valley..
Some of this seep water is evaporated, but some again filters into the
soil and eventually reachés the water table.

The discharge of ground water into Whiteoak Creek and its tributary
streams varies with climatic conditions, and increase with higher positions
of the water table.: During. dry and drought periods the ground water
prowvides the total floﬁ of Whiteoak Creek as well as evaporation and
transpiration losses. As stgted earlier in this chapter it is estimated
that the low flow of Whiteoak Creek above the settling basin would be
about 135 gallons per mimite, equivalent to a runoff of about o3 sec.~ft.

for the contributing portion of the watershed. During flood periods the
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ground-water discharge would be much greater but wald constitute a
smaller. percentage of the total flow. After any flood, some water from
.the pools left by the receding streams would be added ﬁo the aquifer in -
pért to be later discharged as seepage in the stream banks. - |

»,Reconnéissance surveys have-shoﬁn that contamindion does exist on- -
the flood plains and in the stream channel of Whiteoak Creeks The
‘contamination in the stream tends to be built up on small stream deposits,
such as sand bard and along stream meanders.

From a study of Plate 13, it appears that, with the exception of the
area near the west end of the 'burial ground® any contamination of the
ground water in the X-10 area will be restricted to the Whiteoak Creek -
watershed. Grouﬁd water moving down gradient in thé X-10 area,
céntributes to the flow of Whiteoak Creek, and since the creek discharges
into Whiteoak Lake any contaminated ground water surviving £he filtering
action of the soil, the time element of slow underground flow, and the
time element of more rapid surface flow, is eventually added to the
contamination already present in the waters of Whiteoak Lake.

The exception to this pattern of ground-water movement is found
at the westernmost portion of the presenﬁ #purial ground." Here the
water-table contour map indicates the existence of a ground-water divide
between Whiteoak Creek drainage and Raccoon Creek drainage. This divide
possibly shifts toward the east during dry periods and toward the west during
wet periods. It would be possible, therefore, for contamination to enter
the Raccoon Creek drainage during dry periods. If the ¥burial ground” is
" extended to the west, then the period during which contamination could

enter the Raccoon Creek drainage system would be lenthened.
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CHEMICAL QUALITY OF GROUND WATER IN THE X-10 AREA

Table 3 lists chemical analyses of water from test wells in the °
X-10 area and also gives analyses of ground water from adjacent areas.
The analyses apparently are typical of water from these formations in
other parts of the Valley and Ridge province, and exhibit a high degree
of uniformity, with the exception of the analysis for well No. 26.
It is believed that the difference in the quality of water in well 26
results from its being drilled in an area of artificial fill consisting
of cinders and other material containing sulfate. The radiometric
determinations included in Table 3 provide impoftant background data
concerning the natural radium content of ground waters of the area.
However, this information has no present bearing on the contamination

problem since the contaminating material does not contain radium.
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CHAPTER VI. FINDINGS WITH RESPECT TO UNDERGROUND CONTAMINATION

@
GENERAL STATEMENT
Sevéral methods have been used to determine whether or not the '

Py ground water and rock formationsin the Oak Ridge National Laboratory (X-10)
area have beén contaminated by radiocactive wastes. Some procedures are
being contimied and additional ones are contemplated. The followix‘ig‘ types

® of examination and experimentation have already been made:

Le ‘.Air-pressure test of drill hole No. 1 which runs obliquely
beneath the main settling pond,'to ascertain inter-connections, if any,

Y between the éontaminaﬁed waters ofvthe pond and the rock beneathe

2. Assays for gross beta activity of drilling sludgé samplss
collected during core drilling of the S1 exploratory wells.

o B 3, Assays for gross beta activity of ground-water samples from
drill holes.

4. Radiochemical analysis for fission products of water from drill

P holes. - T

. Drill-hole radiologging with a water-proof submergible counter
probe. |

® 6.  Chemical analyses of water samples from Lk exploratdry héles.

ATR-PRESSURE TEST OF DRILL HOLE NO. 1
Hole No. 1 was drilled oblijuely, at an angle of 55 degrees, bensath

* the settling pohd starting at the dike on the southeast side and running
_northwestward beneath t.he pond. The rock strata at the site dip at an
angle of approximately 35 degrees in a direction S 32° E. The hole

®

was drilled in a direction N 32° W so as to cut the rock layers at right
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angles to the bedding. It pierces 300 feet of strata, starting in unit
nGn of tﬁe Chickamauga formations and extending h,h feét into unit "F,n
Thus, 295.6 feet of the hole cuts through the beds of gray "nodular®
limestone of the unit "G." These rock layers exﬁend upward to the Bottom
of the settling pond. (See Plate 2.) | | ) o
After hole No. 1 was drilled, it was pumped by the air-lift method‘
to remove the drilling water. Likewise,\subsequent holes ﬁe;é pumped
immediapely after drilling and then al lowed to recover their natﬁral
ground waters. However, during the pumping operation}of hole N;. 1,
small air bubbles were noticed on the surface of the poﬁd alpng a line
above that of the drill hole, suggesping that air was leaking through the
rocks into.the overlying settling ponde. At a later datg the hole was *
pressure tested, at five-foot intervals, under 100 pounds of air preséure,
to determine, if possible, where the strata were 1eai<ing; The test
showed that within the first 50 feet of the well, air escaped eaSily
from four of the five~foot zones. At one point, escape was so vigbrous '
as to create. prominent turbulence or %boils" rather than small bubbles
in the pond waters. Thruout the remainder of the hole the test re#ealed
no prominent escape routes, although small bubbles apieared on the surface
along the line of the hole, as well as along the direction of strike at
right angles to it. There was a delay of some several minutes in the
arrival of these small bubbles from the time the air pressure was applied,
suggesting slow passage of air through the rock. The testing showed that
the limestone was far from impermeable and that, on the other hand, a free

connection did exist between the pond and the bed rock many feet beneath.
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This suggests that,'under proper hydrologic conditions, contaminated water -
from the pond could move downward to the ground waters beneath by the . -

route of solution channels in the limestone.

ASSAYS OF SLUDGE AND WATER SAMPLES FROM DRILL HOLES

During tbe drilling of the exploratory wells sludge sémples were
collected and assayed fér gross beta activity; Tap water ﬁas ﬁééd for.
the core drilling. From hole No. 1 which runs obliquely beneath the
settling pond 61 sludge samples were collected, mostly at five-foot
intervals. From 25 other holes a total of 60 sludge samples were
collected, most of them from the soil overburden énd the immediately
ﬁnderlying bed'rock} Sludge sampleé‘were not taken at regular depth-
intervals_during drilling of the bed rock, except in the c;se of hole No. 1.
After sach well was driiled it was pumped by air 1lift method to remove
the drilling water. After filling with ground water, it was pumped a
second time and allowed to £i11 againe. Then fresh water samples, free
from siudge, were taken by means of a hand pump. These were also assayed
for gross beta activity. Forty-niné water samples were taken from L5
different drill holes. Assajs of the sludge and water samples were made
by the Area Monitoring Unit of the Health Physics Division of the Oak Ridge
National Laboratory. Results were given in two reports, namely, Report
No.. MON-163-50, by W. D. Cottreil and R. G. Lawler, under date of
July 21, 1950, and supplemental Report No. MON-196-50, December 8, 1950,
by R. G. Lawler. |

As reported by Cottirell énd Lawler "the assays were made by reducing

to dryness small volumes of sludge and/or water in alumimm sample

ree
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dishes and counting in a standard end-window beta counter at: approximately '
10% geometry. The results were treated statistically using the 0,05 -
level of significanc€eecscecos

"Volumetric methods were used in sample preparation. Sinee the
amount of solid material in the sludge varied widely from sample to sample,
and since the samples were not weighed to determine the amount of“solid
material iﬁ each individual sample, an estimaﬁe of the average solid
content per sample wae made. This estimate, O.ngms. per semple, was
used in making calculations of the radiocactive content of the sludgeAin 4
terms of microcuries of activity per gram of dry sludge. Because of thie
the sp301f1c activity value of any 1nd1v1dual sample, in terms of‘pc/gm, '>~
may be somewhat in errors However, the average of all samples should
glve a falrly reliable idea of the order of magnltude of the act1v1ty |
involved. , ‘

See table 4 for the tabulation of results of assays of all samples of both

sludge and water, as submltted by R. Ge Lawler in his Report No. MON-196-SO:

It will be observed from inspection of the above table that the
activity levels of the 121 sludge samples ranged zero to a maximum of -
16.5 x 107> pc/gm, and that the levels of the L9 water samples ranged
from zero to 23.8 x 10'7‘pc/cc. That twenty-three sludge saﬁples showed
activity of 3.0 x 105 jsic/gm or more, with an average of S.h x lO‘syc/gm,
was considered significant by Cottrell and Lawler, in their report MON-168-

50, who wrote: "the magnitude of the results of sludge samples indicates a
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level of radioactivity above that which might be expected from the-natural

‘radioactivity of the soil.™

Cottrell and Lawler also noted that 19 of the water samples showed
activity of 6.0 x 107 1 )J.c/cc or more, with an average of 15'x ,10'7pc/cc
and concluded that "this value is quite high when compared to a value of
2.5 x 10-8 pc/cc observed in ;ra'tex‘s of the Clinch River" and that "this'
is indicative of radioactivioy in excess of that observed to be-occurrimg
naturally in this area."

Seventeen drlll holes produced sludge samples with actn.v:.ty levels

of 3.0 x 1077 )xc/gm or more, namely holes Nos. 1,2,L,7, 10 11,12,13,14,1,

18 26,27,28,30,35 and 38, Reference to Plates 2 or 13 which g:Lve the
locations of all the drill holes, shows that those with higher actlv:.ty

levels are 51tuated, with two exceptlons » around the main settllng pond

and along Whi teoak Creek. 'Ih:.s suggests contammatlon from seeping waters

from the pond and/or the creek. The exceptions are holes No. 38 (the

one m.th highest of all activity among the sludge samples) and No. 28.

I'he first of these is located a few feet northwest of the north tank

farm, and thus raises the questlon of a leak or Splll at sometlme 1n the

- liquid waste disposal system, while the second is at the edge of a small,

abandoned burial ground.
The 19 drill holes which produced water samples with actlvity hlgher
than 6.0 x 1077 pc/cc are: Nos. 1 ,U4,8,10,12, 13,17,22,23,26,27,30,31,3)4,

35,36,37,40 and h2; (See Plates 2 and 13.) Most of these. like those

involving sludge samples, are located around the settling pond and along

#hiteoak Creek.  Six of them, holes nos. 3kL,35,36,37,38,40, are located
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northwest of the settling basins, in the vicinity of the tank farms and
other units of the wasté disposal system. Two holes, Nos. 22 and 23, are
located next to the main burial ground. It is significant the holes which
are located at considerable distance from the settling pond and Wwhiteoak
Creek are the ones which produced water samples showing least or no‘bn..
activity; Reference is made particularly £0 holes Nos. 24,25,43,4l,L5,
46,47,18, and L9. J |

RADIOCHEMI CAL ANALYSES OF WATER FROM DRILL HOLES

Two samples of water from drill hole No. 1 were analyzed for fission
products. This hole is the one which runs obliﬁuely beneaﬁxfhé settliﬁg
pond and which revealed, thru air-pressure test described aboie, connection
with ﬁhe contaminated waters of the overlying pond. Resﬁlts of thesanalyses
weré reported by 4. He Emmons of the Waste Disposal Research Sectibh; Héalth
Physics Division of the Oak Ridge NétionaliLaboratory, in a memorandum under
date of June 7, 1950. |

Water sample ®A® cbnsiéted of L5 gallons collected frbh hole No. 1 on
April 6, 1950, and sample "B" consisted of 1l.7 gallons collected on
Aﬁril 20, 1950. Concerniné analysis pfocedure,’Emmons wrote: '"one ml.
of alumimum sulfate solution (821 g/galion Hy0) was added for each gallon
of sample. The pH was adjusted to 7.0 £ O.1 with NapCO3 and the sample
was agitated for 20 minutes. The A1(OH)3 floc formed waébailowedbto
settle forv12 hours and the clear supernate was siphoned off amd discarded.
The floc was then washed from the miking basin (a 55 gallon drum), further
concentrated by centrifugation, diSsblved inlg‘y HNO3 and filtered. (At
this point théré was a distinct evolution of hydrogen sulfide which will be

mentioned later). The HNO3 filtrate was counted for gross beta activity
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and the residue was ignited, mounted and counted. The residue contained
the majority of the beta activity present in the sample so an gbso:ption
curve was run on it which indicated a strong beta (Buthenium1°6;3f > 3 mev).

"Arqualitative’group separation was perfcrmed on the filtrate to
determine what the soluble beta component was. A cerium analysis, and a
study of the growth of the Prlhhul7 minute daughter back intothe cerium,
indicated the presence of ceriumlhh. Any other fission products present
were below the detection limits of this method. The efficiency of
scavengering_of trace elements from large volumes of water by flocculation
methods varies with the elements sdught. Tracer experiments indicate a
carrying éffiéiency of approximately 50% for ruthenium and 60% for cerium
on A1(OH) 3 “floc.n

Results of the analyses were tabulated by Emmons as follows:

| nSample A, LS gallons, 5-6-50
Total gross beta present = 66l ¢/m*
Total Rutheniuml®® identified = 430 c/m
Total Ceriumtbl identified = 119 c¢/m
Percent of total gross acti&ity identified =u82% )

Correcting for carrying efficiencies, the totai Ru and Ce éresent
and identified = 1178 c/m. This is 3.1 ¥ 1070 Pc/cc‘.whi\éhvnvxe‘ans the
water, from the standpoint of activity, is potable.. N '

Sample B, 147 gallons, 5-20-50

Total gross beta present = 50 ¢/m

No positive identification pcssible"
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DRILL-HOILE RADIOIOGGING WITH A COUNTER FROBE

Upon completion of the drilling of the 51 exploratory wells, a
program of radiélOgging:was begun by the Area Mbnitoring Unit of the
Health Physics Division of the Osk Ridge Naticnal Laboratory. : The work
has been carried on intermittently and has not been completed. A report
of progress was prepared by J. M. Garner under date of iarch 16, 1951, in
which the equipment and procedure used, and findings to date, were

summarized.

Equipment and Procedure

The following is quoted from the Qarner report: "The equipment used
consists of a thin-walled glass Geigér-Mneller Tube, with'pre-amplifier and
impedance matching network, housed in bakelite tube 11" outside diaméﬁer
with 1/16" wall thickness, connected by about 310 feet of céble to a
counting rate meter and Esterline-Angus recorder. '

nThirty'rgdio-logs on 23 wells were made by iowering the'prbbe by
hand and takipg,measurements fof faéioactivify at one Yafd intervals.
Where an increase of radiation was detected the region was explored in
one foot intgrvalé. On November 11, 1950 a motor-driven cab1e ree1 was
put in use. This devicé.willIIOQér the detector l«scribed above at a
pre-determined rate and give a continuoué 1og of .he well. vhen the
detector reaches a pre-set depth the equipment;iﬁ"ztomatically cu£ offe
Thus the equipment does not require cénstanﬁ attention of an operatore.

Thirty logs on 1L wells have been made with this equipment.®

Observations and Findiggg

At the time of the (arner report 30 drill holes had been logged

at least once. The detected radiation, expressed in counts per minutes
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at various depths, is given in Table S+ ' The readings:for:a .given drill
’?hb;e'at any particilar depth which exceed ‘the average for:other.holes
at %ﬁé corresponding depth are pointed out by an asterisk: (#)e . o
h::;"Concernihg'observatiohs and conclusions, the following is.copied -
from the Garner fepdrt: R

;ﬁCosmic;radiatibn, natural radioactivity of the"géblogical formation,
and the radioactivity of ground waters contribute to the measured counts
per minute. No attempt has been made to correct for cosmic radiation and
the radiation from stratigraphic layers. A beta GM tube is now being
developed for use in the detector unit which will ‘increase the sensitivity
to radidéctivity in the ground waters. - While specific conclusions cannot
be drawn from the data, wifhout‘inférmation for interpretation of the
effect from cosmic radiation and natural ra&ioaCtivity of -geological .-
strata, some general bbSer&ations'areHindicated;f7~”fx

“"From examinations of the radiq-lcg and the geological log of well
number 1 it appears that fractured rock at about 86 foot depth permits
interconnection of this well with the settling basin. The radio-log of
well number 17 suggesté seepage into this well from either the east or
west pond or the séttling basin which surrounds it or a highly contaminated
surface drain near-by.

"The intensity of the radiation detected in wells numbers 38 and 39

cannot be explained by any known or suspected contamination of the ground
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water by natural percolation from the liquid waste disposal system.. The
findings of these wells which are located at considerable elevation above
the‘wéste disposal system suggests the desirability QfAsearchihg for a
broken "hot drain" in this vicinity as a possible source of_pontamination.
"The intensity of radiation in the bottom of wells number 1 arnd 3y
which just penetrated a maroon siltstone formation, as well as radon
determinations made on samples of the siltstone confirm the prediction
that the natural radiocactivity of the siltstone is higher than the
natural radiocactivity of the overlying limestone. The intensity of the
activity in well number 50 cannot be explained on the basis of present
. knowledges It is located on the opposite side of the valley from the
disposal system and is at a higher elevation. Other wells in which
there appears to be some elevation of radiation intepsity above the

general average include numbers 557519,28,29,33,35, and 36.%




-CHAPTER VII. RECOMMENDATIONS AND CONCLUSIONS

®
FURTHER INVESTIGATIONS NEEDED
It is recognized that the rinv‘estfigations __o'f" tne ground-water end
) geologic conditions at the X-th site rof the IOak Ridge Nationai Laboratory
have not been completed, that some of the findings are not. conclusive, and
that some problems are. still unsolved. Major ob;jectives of the studies,
® however, have been attained. Findings to date, with respect to underground
contanﬁ.na_tion, are summarized in Chapter VI. These suggest the need for
continuation of some of the studies that have been started. c
o The following are proposed. }
1. That there be radiochemlcal analyses of water drawn from drill
holes 1,17,28,38 and 50. ’
o 2. That ~radiologging of all drill holes be continued and repeated
periodicallye.
" 3. That studies be made of the natural radioactivif,y-of rock samples,
@ obtained from areas known to be uncontaminated, of the same geologic
.formations as those in the exploratory wells, for purposes of
comparing with the findings obtained by radiologging ‘of the drill
® g holess : ' . ‘
L. That periodic checkon the water levels in a1l sexploritory wells
be continued thru the year 1952, or longery for the-purpose of
o ‘ascertaining seasonal and non-periodic variations in the»position
of the water table, and that study of other pertinent matters
relevant to ‘bydrologic conditions be continued.
L
o . .
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That consideration be given to.rthe possibility of a leaking or
broken "hot drain® in the vicinity of drill holes Nos. 38 and 39
where an abnormally high intensity of radiad;idri was detected by
the counter probe. (Discussed in Chapter VI.) o

That drill hole No. 50 be given special stady with the view of
determining, if possible, the cause of its ngh ihtensifjl of
activity which cannot be explained on the basis of present
knowledge. (Discussed in Chapter VI.) o

That there be pumping tests on one or nore’ exploratory wells to
determine, if possible, (a) the coefficient of storage of ground

water, and (b) the transmissibility of the rocks.

GENERAL RECOMMENDATIONS

With respect to future expansions and operations at the Oak Ridge

Rational
I

2.

3.

Laboratory, the following are recommended:

That geologic investigations precede the selection of sites for
new buiidings and other operationse .-

That no new settling ponds, for the hold-up of i‘adioactive

liquid laétes, be constructed in the lim‘esténev belt of Bethel
Valley (the present site of X-10)s |

That all future burial of contaminated solid waste be in the
Conasauga shale belt of Melton Valley (discussed in the following

section).
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PROPOSED NEW BURIAL GROUND

At the Oak Ridge National Labératory disposal of radioactiv.;e‘ ‘sol"id
wastes and contaminated equipment and materials "‘s by burial in the grbund.
The practice is simbly to remove the 80il down to bed rock, generglly less
than 15 feet deep, dump the wastes into the excavation and then cover with
the soil, except in the caée of alpha-contaminated materials ihich are
first covered with concrete before burial. When this study was begun
three different burial sites had been used. The first two sites to be
used had been abandoned and their locations left none too-clearly defined.
The one which was in current use was initiated in May 1946. It lies in Bethel
Valley at & distance of some 3000 feet scuthwest of the present boundary
of the X-10 plant site. (See Plate 2;) In four and one half years 'this_ burial

groind area has grown in size to five and one-half acres. In addition

to the radiocactive and contaminated solid wastes from the operations at

the Oak Ridge National Laboratory, there was also being received for
burial at this site wastes from other AEC-project producers as well as _
from users of AEC-distributed isotopes. The steady increase in customers
as well as in quantiti and iariety of waste to be disposed, is steadily
magnifying the problem of burial at the Oak Ridge National Laborai_‘.ory,
and calls for cautious consideration of long-rang.e-burial opérations.-

i The vulnerability of the burial ground site with respect to
contamination of migrating undeeground waters was pointed out by
Stockdale during the initial states of this study. Concern for the
matter, especially by the Health Physics Division of the Oak Ridge
National Laboraf.o:y, led to a field conferenc'e on May 19, 1949. The
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following persons participated:

Edward McCrady, Senior Biologist, Office of Research and Medicine, ®
Atomic Energy Commission, Oak Ridge .

T. H. J. Burnett, Health Physics Division, Oak Ridge National
Laboratory

He de 'McAlduff, Health Physics Division, Oak Ridge National Laboratory ®

Paris B. Stockdale, Head of the Department of Geology-Geogrqahy,
University of Tennessee, Knoxville

Four possible burial ground sites, tentatively recommended by Stockdale, P
were visited and inspected in the field. Under date of May 25, 1949, a

written memoranduﬁx was submitted by Stockdale to the Office of Research

and Medicine of the Atomic Energy Commission at Oak Ridge pointing out the ®
potential hazards of the present burial ground and making recommendations |

on the selection of a new and preferred site.

At a conference held on August 3, 191;9, the whole matter involving PY

selection of a néw burial ground site was reviewed before the following

representatives of the Oak Ridge National Laboratory: D. C. Bardwell, |
Lo B. Emlet, E. J. Murphy, A. M. Weinberg, Forrest Western, and E. Je. : ®
Witkowski. Stockdale again summarized the geologist's viewpoints as

regards the potential hazards at the currently-used burial ground, and

also indicated that, from a long-range viewpoint, usable space at the ®
site is quite limited by outcropping bedrock so that, eventually, a more
commodius site must be chosen. '

In a previous chapter in this report it has been pointed out that the ®
Bethel Valley burial ground lies upon unit fG# of the Chickamauga limestone
where there exists the possibility of radioactive contamination of underground

waters and the uncontrolled migration of such to unknown distant sitese - ®
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This risk results from the fact that the underlying bed rock is limestone
which is susceptible to underground solutions and to the development of |
small voids with consequent increase in permeability and free movement of
ground waters ihic,h may have been contaminated from downward percolation -
of meteorié waters through the burial ground. That migration of such -
contamination has taken place is showfx by the probing of drill holes
located outside the boundaries of the burial ground. This has been
discussed in the preceding chapter of this reporte.

From the viewpoint of the geologist, a preferred site for turial of
radioactive solid wastes and contaminated materials in the Oak Ridge
vicinity would be at a place bunderlain by shales Such rock is generally
quite impermeable and is not subjeét to soluticn which might lead to the
development of underground channels to permit the free transfer of granid'
waters. In the Oak Ridge area the most extensive geologic formation
which is composed of shale is the Conasauga. The formation is at least
1500 feet thick.-. Where weathered, it forms a soft clay soil which can be
easily handled with power shovels. |

In the general viciniﬁy of the X=10 unit ‘of the Oak Ridge National
Laboratory there are two significant, broad belts of the Conasauga shale.
One is situated on the northwest side of Bear Creek Valley, between Pine
Ridge and Chestnut Ridge. The other is between Haw Ridge and Copper Ridge,
to the southeast of the X-10 site. The latter belt has the advantage of
being accessible from the Laboratory iithout travel. over any of the main
roads. It can be reached by‘ going through Whiteoak Creek gap which cuts

through Haw Ridge just south of the Laboratorye A second advantage lies

in the fact that any surface waters which might become contaminated at
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a burial site would drain directly into the already-contaminated lakee

The specific site to be selected within the belt of Conasauga shale
would depend upon several factors.b One would be the natufe of the
topography == a fairly flat area would be favored, preferably at a
comparatively low level. Another would be the amount of area needed.,,The
depth of weathering must be considered since such would determine ease and
depth of excavation.

A site which is most favored, and which has been recommended by
Stockdale on the basis of an examination of the surface shale and the
topography, lies southeast of Haw Ridge immediately northwest of the:
lower end of the Whiteoak Lake, approximately one and one half miles
south-southwest of the X-10 plant site, where there is a large dcreage of
comparativly flat topography underlain by shale which is soft and well-
weathered and where the ground is barren of trees. (See Plate 1.) It is
in part a remnent of a gravel-covered terrace. If but a small site were
needed several places might be piéked within closer range of the Laboratory
and within the Pumpkin Valley memper of tﬁe Conasaugae shale belt. .

Steps have recently been taken to abandon the Bethel Valley burial

ground and to establish burial sites in the Conasauga shale belt southeast

of Haw Ridge, discussed above.




(GENERAL CONCLUSIONS

That some radioactive contamination occurs in the underground waters

and the rock formations at the X-10 site of the Oak Ridge National Laboratery

'has‘ heen dj.scussed in the preceding chapter of this report. Most of ihe

detected contamination came from the liquid waste disposal system; doubtful
contamination from the Bethel Valley burial ground (recently abandoried). 7
Since by the very xiature of tﬁe disposal system, discussed in Chapter I, |
un&eréfound contamination seemed inevitable, important objectives at this
stud& were to determine the conditions of 'rhe underlying rock fofmations

and the resxilting form of the water table and the movement of ground waters

as pdteritial carriers of radioactive contamination. In this connection,
th_erefdre,' an important question to be settled was whether or not simple
water-table conditions, or artesian conditions prevail underground.

‘Altho the bedrock at the X-10 site of the Laboratory is predominantly

limestone, the Aprogram of core drilling revealed that the rock is at present

aﬁparent.iy dévoid of sizéable underground solution channels, or caverns,
which conceifably might have existed and were feared, and which might have
exerted significant control over the direction and amount of flow of ground
waters. Instead, the limestone is comparatively "tight, . posesessing
abundant, closely-spaced, closed fractures and Jjoints with only an
occasicnal solution chamnnel of small size.

Studies by the Ground Water Branch of the U. S. Geological Survey,
as reported by G. D. DeBuchananne in Chapter Vof this report, reveal that
"'by‘its close correlation ﬁth the topogrzphy and surface drainage, ground

water occurs under water-table rather than artesian conditions.®” (See
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Plate 13.) DeBuchannane wrote further: "thus’ground~water discharge
contritutes to the base flow of the surface streams in this ares, and
ultimately augmentsvﬁhe flow of ths Clinch Riveres.ees In general, the
ﬁater table is subdued replica sf the land surface, rising slightly bsicw |
the hills but occupying p081t10n closer to the- land surface in the valleys.'
Under these ccnditions, fortunately) all drainage at and belcw the surface
today apparently converges to empty ultimately into the intended liquid
waste disposal system of Whiteoak Creek and VWhite Lake. Thus, any ground
water recharge which might come from the operations of the liquid waste
dlsposal system at X-10, even tho contaminated, would be held up fbr awhlle
underground and would finally emerge intc the intended disposal system,
thus assuring no hazard to areas not already under control or unknown.

An exception to this situation, perhaps relatively 1n31gnif1cant, occurs

at the west end of the recently-abandonsd burial grounds where the grcund
water on the west side of a ground-water dlvide will flow toward the SRR
iwest into Racoon Creek drainage rather than into whiteoak Creek. Howerer;;'

but a small amount of area is involved and there is yet no proof of

underground contaminations
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0. , Table L

-t - - ASSAYS OF SLUDGE AND WATER SAMPLES FROM DRILL HOLES o &

A. Sludge Samples

; Sample ' Sample . Sample Net Cts/ | Cts/Min/ < 105 |
No.l gumber Depth Size Minute ml io/gm.
1 5 ft. 10 ml 0 -~ 0.0 0.C
2 . 0" 10" 3 0.3 0.4 .
® 3 15 " 10 " 2 0.2 8.0
4 - 18 ® 5" 0 0.0 . 0.0
5 23 * g" 0 0.0 : 0.0
6 28 " o" 1 0.1 1.5
7 33" o" 2 0.2 3,0
8 ;" 10" 1 0.1 1.5
® 9 ! a3 " 10" 0 0.0 0.0
il 10 - a8 ™ o™ 1 0.1 1.5
11 . 53 " 0" 1 0.1 1.5
12 sg " 0" 0 0.0 0.0
13 63 " 0" 0 0.0 0.0
14 65 " 0 * 1 0.1 1.5
® 15 omm" 0" 0 0.0 0.0
16 78 10" o} 0.0 0.0
17 g3 " 10 " 0 0.0 0.0
18 gg " " 0 0.0 0.0
19 ‘ 93 " 10 " 2 0.2 3.0
20 g8 " 10" 0 0.0 0.0
Y 21 103 " 0" 1 0.1 1.5
22 108 " 10" 1 0.1 1.5
23 113 * 0" 0 0.0 0.0
24 118 " 10" 1 0.1 1.5
25 E 123 " 0" 0 0.0 0.0
26 128 " io" 0 0.0 0.0
® 27 133 o™ 2 0.2 3.0
28 138 " 10 * 2 0.2 3.0
29 143 * mo" 0 0.0 0.0
30 148 " 0" 0 0.0 0.0
31 153 * o" 1 0.1 1.5
32 158 " 0" 1 0.1 1.5
o 33 163 * 0" 0 0.0 0.0
34 168 " 0" 0 0.0 0.0
35 i 173 " 0" 1 0.1 1.5
36 , 178 " 1o " 0 0.0 0.0
37 183 * 10" 1 0.1 1.5
38 188 ™ 0" 1 0.1 1.5
o 39 193 " 0" 1 0.1 1.5
40 ~leg " 0" 0 0.0 0.0
41 203 " 0" 1 0.1 1.5
- 42 208 " 10" 1 0.1 1.5
43 213 " 10 * 1 0.1 1.5
44 218 " o" 1 0.1 1.5
® 45 223 * 0" 0 0.0 09
] 46 228 " 0" 1 . 0.1 1.5
47 233 * 0" 0 0.0 0.0
48 : 238 " 10" 0 0.0 0.0
® G557 08, ceme it




Sludge Samples Cont'd.

ole To Sample Sample Sample Net Cts/ Ct's‘/llin/ ~ 10
: *| Number Depth Size Minute ml ne/g
‘L 49 243 f't, 10 ml 0 . 0.0 0.0
1 50 248 " o" 2 0.2 3.0
1 51 253 " wo"- 1 0.1 1.8
1 52 . 258 " " 0 0.0 0.0
1 53 263 " o 0 0.0 0.0
1 54 268 " 10" 0 0.0 0.0
1 55 273 " 10" 0 0.0 0.0
1 56 278 " 0" 1l 0.1 1.5
1l 87 283 " o™ (V] 0.0 0.0
1 58 288 " 10" 1. . 0.1 1.5
1 60 298 lo0 " 1l 0.1 1.5
1 61 300 » 10" 1 0.1 1.5




o
[ %)

@ .iudge Samples Cont'd. .

T Sample - Sample Sample Net Cts/ | CtsAlin/ |~10-5
lole No. Number ~ Depth Size minute ml uc/gm -
® 1 g1 - 10" 10 ml 2.0 0.20 3.0
2 2 9t - 10" 10 * 2.0 0.20 3.0
2 s 14 - 2" | 5" 1.0 0.20 1.5
2 4 19' - 2 5" 0.0 0.00 0.0
2 4A 9t - O" 200 " . 4.0 0.02 6.0
o 2 5 20' - O" 10" 0.0 0.00 0.0
3 1 g1t - g" 10" 0.0 0.00 0.0
4 1 5* - O" 10 " 0.0 0.00 0.0
4 2 10t - o" 20" 2.0 0.10 3.0
4 2A 10t = oOn 20 " 3.0 0.15 4.5
o 4 41t - O 10" 0.0 0.00 0.0
4 5 Special 0" 1.0 0.10 1.5
6 1 5' - O" 5" 0.0 0.00 0.0
6 2 10t - oO" 5" 0.0 0.00 0.0
e ¢ 3 13 - o" 10" 0.0 0.00 0.0
7 1 5t - O" 5" 2.0 0.40 3.0
7 2 15* = o* | s ™ 0.0 0.00 0.0
8 1 5' - O" 5" 1.0 0.20 1.5
. 8 2 10' - 0" - 5 " 100 0020 . 1.5
10 1 5t - O 0 " 2.0 0.20 3.0
10 . 2 10' - 0“ . 10 " 2-0 0020 300 .
11 1 5t - O" 10" 2.0 0.20 3.0
o U 2 10t - o 10" 1.0 0.10 1.5
11 3 12t = o 15 " 1.0 0.07 1.5
12 1 5t - O" 15 " 3.0 0.20 4.5
12 ) 2 10' - 0" 5 " 0:3 0006 005
12 3 15 - o" 15 " 3.0 0.20 4.5
o 12 4 19' - 5" 15 " 6.0 0.40 9.0
13 1 5t - O 5" 2.0 0.40 3.0
13 2 9t - o 5 " 0.2 0.04 0.3
13 3 10t - o" 5" 2,0 0.40 3.0
13 4 16t - O" 5" 0.6 0.12 0.9
® 14 1 5t - O" 15 " 3.0 0.20 4.5
14 2 11" - 0" 15 " 6.0 0040 9.0
14 3 13 - O" 15 * 3.0 0.20 4.5
o
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sludge Samples Cont'd.

' Sample Sample Sample Net Cts/ CtsMin/ 710'5 )
Hole No. Number Depth Size minute | ml no/gm
17 1 5t - O" 5 ml 1.0 0.20 1.5 ®
17 54 5t - O" 15 " 6.0 0.40 9.0
18 1 5t - O" 15 " 0.0 0.00 0.0
18 1A 11' - o" 15 ™ 3.0 0.20 4.5
24 1 5t - O" 10" 1.0 0.10 1.5 ®
25 1 5t - O 15 " 1.0 0.07 1.5
25 2 10t - o" 10" 0.0 0.00 0.0
26 1 §' - O" 15 " 6.0 0.40 9.0 ®
27 1 o' - g" 5 1.0 0.20 1.5
27 2 5t - O" 5 " 2.0 0.40° 3.0
28 1 5t - O" 15 " 8.0 0.53 12.0
28 2 10t - O" 10 1.0 0.10 1.5 e
28 3 15' - O" 10" 2.0 0.20 3.0
29 1 5t - O" 5" 1.0 0.20 1.5
29 2 10' - o 5™ 0.0 0.00 0.0
30 1 51 - QO" 15 * 3.0 0.20 4.5 o
. 35 1 5t - O" 5 " 2.0 0.40 3.0
37 1 51 - o 5 n 1.0 0.20 1.5
38 1 5¢ - O" 5 " 1.0 0.20 1.5 ®
38 2 10t - O" 5" 2.0 0.40 3.0
38 3 15t - on 5" 11.0° 2.20 16.5
38 4 20" - Ot 5" 4.0 0.80 6.0
39 1 10 - o% 5" 1.0 0.20 1.5
®
50 1 5' - O" 10" 1.0° 0.10 1.5
50 2 10t ~ O" 10" 1.0 0.10 1.5
o
®
. 0022 ®

ree



B. Water Samples

o | Hole No. | Sample Size 1 Net/cts/min. - |' Cts/min/ml | pesoe x 1077
1 5 ml 1.4 0.28 12.6
1 10 * 1.0 0.10 4.5
1 5" 0.0 0.00 0.0
o | 2z 200 " 4.0 0.02 0.9
2 10 " 0.0 0.00 0.0
3 10" 1.0 0.0 | 4.5
4 20 " 3.0 0.15 6.7
L 4 20 " 2.0 0.10 4.5
5 10 * 0.0 0.00 0.0
6 | 10" 0.0 0.00 0.0
o 7 . - | 0.0 0.00 .. 0.0
8 1o" - . 4.0 0.40 8.2
9 | 0" | 0.0 | 0.00 ~ 0.0
® | 10 0" 2.0 0.20 9.1
11 | | 15 " 1.0 0.07 3.2
12 . 15" " e0 0.40 18.2
d 13 |, 40 o026 | 17
14 1" 2.0 ‘ . 0.13 5.8
15 10 " 0.0 0.00 0.0
® 16 15" 1.0 0.07 - 3.2
ST ' 6.0 | 0.40 18.2
18 1 0.0 " o0 | T 0.0
o 20 15 °® 0.0 0,00 0.0
21 15" 1.0 0.07 3.2
22 15 " 7.0 0.46 20.7
o 23 10" 2.0 0.20 9.1
24 10 " 1.0 0.10 4.5
[ e
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~ Special Water Samples Cont'd.

Hole XNo. Sample Size Nei:?éﬁs'/min. ] c.*l.:ﬁs/min/r'n..l uc/ce x 10-7
26 10 ml 2.0 | o.20 9.1
27 15 * 3.0 - 0.20 9.1
28 10 " 1.0 0.10 4.5
29 15 ® 1.0 0.07 3.2
30 10 " 2.0 0.20 9.1
31 10" 2.0 0.20 9.1
32 15 " 1.0 0.07 3.2
33 10" 1.0 0.10 4.5
34 15 " 7.0 0.46 120.7
35 10 " 2.0 0.20 9.1
36 10" 4.0 0.40 18.2
37 15 * 8.0 0.53 23.8
38 15 * 2.0 0.13 5.8
39 10 " 1.0 0.10 4.5
40 10 * 4.0 © 0.40 18.2
42 10" 3.0 0.30 13.6
43 10" 0.0 0.00 0.0
44 15 " 0.0 . 0.00 0.0
45 10 " 0.0 0.00 - 0.0
46 10" 0.0 0.00 0.0
47 10 " 0.0 0.00 0.0
49 10" 1.0 0.10 4.5

-
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